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Mr. CHAIRMAN, LADIES AND GENTLEMEN: 


At the outset of my remarks I feel that I should say a word 
in appreciation of the initiative and energy that have made 
possible this series of lectures; and I welcome the opportunity 
to join with those who recognize the public spirit of the indi- 
viduals and associations who have contributed to the success of 
the celebration. 


HISTORICAL. 


About one hundred years ago, two of the leading nations of 
Europe brought forth independently of each other an invention 


*Lecture delivered at the Celebration of the Centenary of the Intro- 
duction of Gas as an IIluminant under the auspices of the American Phil- 
osophical Society, the Franklin Institute, the American Chemical Society, 
the American Gas Institute, in the hall of The Franklin Institute, Phila- 
delphia, on Friday, April 19, 1912. 

{Note.—The Franklin Institute is not responsible for the statements and opinions advanced 


»y contributors to the JoURNAL.] 
Copyright, 1012, by THE FRANKLIN INSTITUTE. 
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which was destined to become a factor mightier than almost any 
other for the promotion of human comfort, for advancing civil- 
ization, and for giving employment to great industrial armies. 
On this occasion, therefore, we celebrate the birth of a great 
industry; and it is fitting that we recall the names of those 
patient pioneers whose struggles are a matter of history, and 
whose subtle creation illumines the civilized world. Among the 
names which we honor to-day are Van Helmont Clayton, Mur- 
doch, Lebon, Clegg and Winsor, but it is generally conceded 
that to William Murdock belongs the credit of being the first 
to develop the gas industry along practical lighting lines. 
From Murdoch’s own account we learn that in 1798 he re- 
moved from Cornwall, where he had conducted important ex- 
periments, lighting his own house (1792), to Boulton, Watt & 
Company’s works for the manufacture of steam engines at the 
Soho Foundry, near Birmingham, where he constructed an 
apparatus on a large scale which was applied to the lighting of 
the principal building. His experiments were continued with 
some interruption until the year 1802, when a public dis- 
play of the light was made in the illumination of the manufac- 
tory at Soho, on the occasion of the celebration of the Peace of 
Amiens. A contemporary writer states “ This remarkable illu- 
mination was the first public display (of gas-lighting) in this 
country and at the time produced a very strong impression upon 
the inhabitants of the town. The illumination of Soho works 
on this occasion was one of extraordinary splendor. The whole 
front of that extensive range of buildings was ornamented with 
a great variety of devices, that admirably displayed many of 
the varied forms of which gas light was susceptible.”’ 
Murdoch’s efforts were stimulated by news of the activities 
of M. Lebon, of Paris, along similar lines. This is related in a 
letter addressed to Soho from which Dr. Henry published the 
following extract: “I don’t know exactly what time the first 
trials were made or published in France. The first notice we 
received of them here was in a letter from a friend at Paris 
dated November 8, 1801, in which he desired me to inform Mr. 
Murdoch that a person had lighted up his house and gardens 
with the gas obtained from wood and coal and had in contem- 
plation to light up the city of Paris.” 
The testimony of James Watt, Jr. (son of the great inven- 
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tor), who was associated with Matthew Boulton in the firm of 
Boulton & Watt, proprietors of the Soho Works, shows, to use 
his own words, that “at the period when the peace took place, 
which, I believe was in the spring of 1802, public display of 
these lights was made in the illumination of Mr. Boulton’s man- 
ufactory, which then took place. In 1803 we erected an appa- 
ratus for the purpose of giving a light to a part of our own 
works and till 1804 we continued making experiments on the 
gas produced and also on the different coals out of which the 
gas was to be made; on the manner of making the retorts best 
adapted to the purpose; upon the materials and construction of 
the pipes; upon the size and construction of the gasometers ; upon 
the economy of the different sorts of burners, etc. The experi- 
ments were very long and attended with a great deal of expense. 
We were out of pocket £4,000 or £5,000 and are so at this 
moment for the experiments and machinery.” 

In Hunt’s “ History of the Introduction of Gas Lighting,” 
we are told that: 


“Tt was the fear of being anticipated by Lebon that quickened the 
firm’s pace and finally overcame their reluctance to embark in this new 
venture. Without Lebon, therefore, Murdoch’s invention might have re- 
mained indefinitely in the background: but, it may be with equal justice 
be said that without Murdoch, Lebon’s ideal could not have been realized. 
There is no evidence that either Murdoch or Lebon aimed at anything be- 
yond a number of separate and independent installations; but Lebon’s idea 
of ‘lighting a part of Paris with it’ seems to have fired the imagination 
of his follower, Winsor, in whose hands a public supply of gas lighting 
became a reality, although this was only made practicable by the achieve- 
ments of Murdoch and the development of engineering and industrial art.” 


Lebon was granted a patent for a term of 15 years from 
September 28, 1799, as shown by the records in the Patent 
Office at Paris. 

Frederick A. Winsor, contemporary of Murdoch and Lebon, 
is described as a man of little experience but possessed of an 
extremely sanguine temperament and unbounded imagination, 
combined with determination and ingenuity. He was the first 
to advocate publicly the distribution of gas from a central source, 
and was the promoter of the first chartered gas light company. 
The London press, spoke of him most disparagingly and de- 
scribed his scheme of gas lighting as “ wild, absurd and extrava- 
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gant in its conception and fraught with the greatest danger in 
its execution,” and alluded to Winsor’s proposal for “ enlight- 
ening the inhabitants of London” as “ fire of wind.” Winsor 
was himself responsible for much of this opposition by reason 
of his extravagant statements as to profits (as much as one 
thousand per cent. being promised) of the venture. Indeed a 
perusal of his flowery prospectus would give pause even to the 
modern advertising man, and the circus poster in its palmiest 
days hardly approached its flights. For instance, in one of his 
pamphlets, after claiming such utilities as “tanning skins,” 
“smoking bacon and hams,” and “fixing color in dyeing,’’ he 
says, “as to illuminations, they may be carried on to the utmost 
extent of beauty and variegated fancy, by this docile flame, 
which will play in all forms, submit to instant changes, ascend 
in columns to the clouds, descend in showers from the trees, 
walls, etc., arise from the water, and even in the same pipe with 
a playing fountain. The constant varying of the flame in rooms 
and gardens between flaming pyramids, festoons, garlands, 
roses, flambeaux, etc., afford the spectator a most delightful 
sight, cherish the soul and create good humor by uniting con- 
venience, utility and pleasure.” 

In 1803 and 1804 Winsor publicly exhibited his system of 
illumination by coal gas at the Lyceum Theatre, London, He 
showed the manner of conveying the gas to different parts of 
the house, and by the use of various kinds of burners he was 
enabled to display something of that variety of form which 
may be given to the flame. His exhibitions: proved that the 
intensity of coal gas rendered it less liable to be extinguished 
by strong and sudden gusts of wind, and he also showed that 
if properly managed the burning of it would not produce smoke 
or throw out sparks such as often fly from the burning wicks 
of lamps or candles, a circumstance which rendered gas a desir- 
able kind of light, as being less dangerous in its use than either 
of the other forms. Afterwards Winsor moved his exhibitions 
to Pall Mall where early in 1807 he lighted up a part of one 
side of a street, which was the first instance of this kind of light 
being applied to such a purpose, and to him therefore belongs 
the credit of initiating the system of public gas lighting. 

As the projector of the National Light & Heat Company 
Winsor is stated to have raised nearly £50,000 by subscription 
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for this purpose, all of which, however, was squandered upon 
commercially unproductive experiments. 

In 1809 Winsor projected a new Light and Heat Company 
and applied to Parliament for an act to incorporate it. This is 
an important fact in the history of the gas industry, for it was 
the foundation of the London & Westminster Chartered Gas- 
Light & Coke Company. The capital proposed to be raised at 
this time was £200,000. The persons who applied for the act 
had many difficulties to combat arising both from interest and 
prejudice. Their projects were represented as visionary and 
the execution of them fraught with considerable danger. ‘On 
this occasion they were opposed by Mr. Murdoch on the ground 
of his priority of right to the discovery. The application ter- 
minated unsuccessfully partly because of the unfavorable im- 
pressions produced by Winsor’s extravagant claims. Murdoch’s 
opposition to Winsor resulted in Parliament protecting the ap- 
pliance manufacturers against possible competition by the light- 
ing company. 

In 1810 another application was made to Parliament by the 
same parties and though it met with some opposition an act 
was passed authorizing His Majesty to grant them a charter 
within three years from the time of passing the act. 

Thus Winsor’s plan of a National Light and Coke Company 
was in part accomplished by the formation of a local gas-light 
and coke company. The incorporation of this company, which 
occurred in April, 1812, the centenary of which we celebrate, 
was an important step in the direction of placing the new in- 
dustry upon a basis that promised its permanent establishment 
and increased the probability of its ultimate success. Expe- 
rience had already proved that the resources of the individual 
were inadequate to cope successfully with undertakings of such 
magnitude and cost. From calculations as well as from actual 
surveys that were made it appeared that the expense of laying 
down pipes for the city of Westminster alone would be £150,000 
without including any other expense. 

In 1813 Westminster Bridge was lighted with gas. About 
this time, the City of London Gas-Light Company was estab- 
lished, and two others were projected for the metropolis, one of 
them in Southwark and the other in the eastern district. 

From the time of the formation of the Chartered Gas-Light 
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and Coke Company to the year 1813, experiments had been 
carried on by Messrs. Winsor, Accum & Hargraves, at which 
time the company was almost on the point of dissolution. 

Samuel Clegg was engaged as engineer of the Company, he 
having been educated as an engineer in Boulton & Watt's 
foundry, at which time his attention was first directed to the 
practicability of distilling gas from coal when assisting in the 
illumination of the Soho manufactory. 

In 1815 Clegg invented and patented the gas meter and 
governor. The first meter consisted of two large bladders 
filled alternately with gas and contained in two cases weighted 
to a certain pressure, the valves being sealed with quick-silver. 

Though credit for the original invention and construction 
of the gas meter belongs to Clegg it has been very materially 
improved by Samuel Crosley and John Malam. 

It is to the introduction of this simple instrument, now in 
universal use, that a great deal of the success of gas-lighting 
must be attributed. 

Thus Mr. Clegg seems to have been the pioneer in many of 
the important inventions connected with gas-lighting. Besides 
the gas meter he introduced the cylindrical gas holder and an 
automatic pressure regulating device. It is he also who was 
chiefly responsible for the success of the original Chartered 
Gas-Light and Coke Company, and he was the first man to com- 
mercialize city gas lighting on a large scale. 

In 1816 gas had become very common in the City of London. 

Paris was first lighted by gas in 1820. 

In 1833 the French National Gas Company was projected 
for lighting Boulogne-Sur-Mer. The capital of £10,000 being 
too small the Company was taken over by the European Gas 
Company and capitalized for £200,000 for the purpose of light- 
ing other European towns. 

Gas was used at Havre, Caen and Amiens in 1835—at 
Nantes and Rouen in 1846. The plants for all of these gas 
works were sent from England. 

Before the second London company was chartered our own 
City of Baltimore granted a charter to the first company to be 
regularly organized for the purpose of exploiting gas for the 
illumination of streets and cities in America. 
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Gas chronology tells us that Baltimore was not only the 
first city in this country to be lighted with gas, but that it was 
also the first city in which gas. meters were manufactured: in 
the United States, and gives the name of Samuel Hill as the 
meter maker. 

A brief historical summary of gas development in the 
United States is given in the U. S. census reports for 1900, 
from which the following is adduced: 

The history of the gas industry. in this country dates from 
1806, at which time David Melville, of Newport, R. L, lighted 
his premises by means of coal gas which he had manufactured 
thereon. This took place nine years after the experiments in 
England. The apparatus as used by Melville was necessarily 
crude, but underwent improvements from time to time until, 
in 1813, he secured a patent and later used gas for the lighting 
of a cotton mill in Watertown, Mass. Gas was also used at 
about this time in a mill near Providence, R. I., and was em- 
ployed in 1817 as an illuminant in a light-house. The growth 
of the industry was at first slow, but with the advances in the 
details of the construction and operation of gas, plants, the 
improvement and development of special tools and appliances, 
and the increasing knowledge gained by experience of the laws 
of physics involved, there came a much more rapid growth. As 
early as 1816 a company was chartered in Baltimore, Md., fol- 
lowed in 1821 by the formation of a Company in Boston, Mass. 
New York City adopted gas lighting in 1823 and several years 
later companies were formed in Brooklyn, N. Y., and Bristol, 
R. I. New Orleans adopted gas about 1835, twenty-nine years 
after Melville introduced the new illuminant in this country. 

A proposition to light Philadelphia with gas was made in 
1803, and a similar one was made in 1817, but both offers were 
rejected. Repeated efforts were made thereafter looking to the 
lighting of the city with gas, but it was not until March 21, 
1835, that an ordinance was passed providing.for the construc- 
tion of the works. The plant was completed Feb. 8, 1836. 


OBJECTIONS RAISED TO THE INTRODUCTION OF GAS. 


Like most inventions, gas lighting was not at first taken 
seriously. It seemed to the American and European world of 
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1800 to be on a par with the Laputan philosopher’s scheme for 
making sunshine out of cucumbers. People were afraid of this 
“burning air,” as it was called, and could not be convinced that 
fire or explosion would not be the inevitable result of its general 
use. When that daring New ‘Yorker, Samuel Leggett, first 
lighted his house, No. 7 Cherry Street, with gas, people stood at 
a respectful distance and looked at it much as they might have 
looked at the witches dancing in Kirk Alloway. 

In Europe the prejudice against gas lighting at the time of 
its introduction was equally strong. Napoleon ridiculed it and 
said “ C’est une grande folie.” In 1803, Sir Walter Scott wrote 
to a friend: “ There is a madman proposing to light London 
with—what do you think? why, with smoke!” Yet Scott him- 
self had Abbotsford piped for gas not many years later. Clegg 
gives an account of the horrors of the lamp-lighters when they 
first beheld the burning gas and how he was obliged to light 
the lamps himself for some time on account of the fears of the 
people. Even such men as Sir Humphry Davy and Sir Joseph 
Banks were unable for many years after this to overcome the 
prejudice which existed in their own minds concerning it and 
they thought the scheme a wild and dangerous one. 

Another concrete instance of this prejudice can be cited right 
here in Philadelphia. On November 28, 1833, a petition signed 
by several hundred of the excellent people of this city was ad- 
dressed to “ The Honorable the Select and Common Councils 
of the City of Philadelphia,” protesting against the use of gas, 
in the following terms: 


“GENTLEMEN: The subscribers beg leave respectfully to remonstrate 
against the plan now in agitation for Lighting the City with Gas, as they 
consider it a most inexpedient, offensive, and dangerous mode of lighting. 
In saying this they are fully sustained by the accounts of Explosions, Loss. 
of Life, and great destruction of property, where this mode of lighting has 
been adopted. 

“We consider Gas to be an article as Ignitable as Gunpowder, and 
nearly as fatal in its’ effects; as regard the immense destruction of property, 
we believe the vast number of fires in New York, and other cities, may be 
in a great measure ascribed to this mode of lighting; the leakage of pipes 
and carelessness of stopping off the Gas, furnish almost daily instances 
of its destructive effects. And when we consider that this Powerful and 
Destructive Agent must necessarily be often left to the care of youth, 
domestics and careless people, we only wonder that the consequences have 
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not been more Appalling. It is also an uncertain light, sometimes sud- 
denly disappearing and leaving streets and houses in total darkness. 

“The waters of the Delaware and Schuylkill, now considered the most 
pure and salubrious in the world, as many long voyages have fully tested, 
must soon, we fear, experience the deterioration which has reduced the 
Water of the Thames to the present impure and unhealthy state, for no 
reservoir will be able to contain the immense fetid drains from such an 
establishment, and very soon the rivers must be their receptacle, to the 
destruction of the immense Shoals of Shad, Herring, and other fish with 
which they abound; the same cause must produce like effects. Salmon, 
smelts and other fish, formerly caught in vast quantities in the Thames, 
have nearly all disappeared; the constant digging up of the streets, the 
circumstance of the gas pipes which at the intersection of each square must 
come in contact with the water pipes, are difficulties and evils which we 


would anxiously avoid. 
“In conclusion we earnestly solicit that the lighting of our city with 


oil may be continued. 
“And your petitioners, etc., etc.” 


If the signers of this petition could appear upon the scene 
to-day and witness the splendid achievements of gas under the 
management of your great Philadelphia company, I am sure 
they would be in favor of the “ recall,’”’ at least in so far as it 
applied to their petition. 

But the opposition to the use of gas should not surprise us. 
It seems to be a fundamental trait of human nature to oppose, 
for a time, everything that is new. Coal had the same preju- 
dice to overcome. In the year 1306 the use of coal in the place 
of dry wood and charcoal by brewers, dyers and other artificers 
employing great fires was prohibited by proclamation at London. 
It was held that the products of its combustion, smell and smoke 
were prejudicial to health and hurtful to vegetation. Its use 
was made a capital offense, and we are told that a man was 
actually executed for burning coal within the metropolis. What 
a boon such a law would be to the gas companies to-day! 

It does not take long, however, for human nature to get used 
to novelty, but remarkable it certainly is, considering the diffi- 
culties of communication and the meager resources of a new 
country, that America was but little behind Europe in the use 
of gas. 

The history of the pioneer gas companies of this country 
shows that in addition to, and to a considerable extent because 
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of, the prejudice that existed against the new and supposedly 
dangerous illuminant, it was a very difficult matter to secure the 
necessary capita] to erect and operate the plants, and it was some 
time before the industry was established on a commercially 
sound and profitable basis. 

Gas as an illuminant has had several competitors which at the 
time of their appearance in the field threatened its existence. In 
the early days of the industry the gas manufactured had an 
illuminating value of about 15 to 17 candle power. Compared 
with the light of candles or of the crude whale oil then in use 
it was considered a wonderful illuminant. This superiority was 
soon threatened, however, by the introduction of kerosene and im- 
proved oil lamps, the general use of which interfered seriously 
with the rapid increase of the sale of gas. 

These conditions would have greatly retarded the growth of 
the industry had not the problem been solved by Du Motay and 
Lowe, the former a Frenchman and the latter an American, who 
independently of each other were carrying on experiments which 
were to result in the introduction of the so-called water-gas. 
The investigations of both Du Motay and Lowe were conducted 
in this country, so that the development of the water gas in- 
dustry is purely American. The first plant using the Lowe 
process was erected at Phcenixville, Pa., in 1873. At present, 
although the exact figures are not available, the census reports 
indicate that the amount of water gas sold for public use is in 
the neighborhood of 75 per cent. of the entire quantity of gas 
sold. 

The advent of electricity for lighting purposes did not, as 
some might suppose, check the progress of gas. On the con- 
trary, as has been the history where improved methods of light- 
ing have developed, both kinds of lighting profited by the in- 
creased efficiency; and since the introduction of the incandescent 
mantle, notwithstanding that the resultant yield of illumination 
per cubic foot consumed was practically quadrupled, the reduc- 
tion of gas output did not follow; but, on the contrary, vastly 
increased. The development of high-pressure incandescent 
lighting systems, such as are in vogue in the leading European 
cities, is another movement which bids fair to keep the gas in- 
dustry to the fore. 
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PRODUCTION AND PRICES. 


The trend of prices for gas has been steadily downward 
from the beginning. In New York City, for instance, the price 
in 1826 was $10.00 per thousand cu. ft.; in 1846, $6.00; in 
1866, $3.50; in 1886, $1.25; in 1897, $1.20; in 1898, $1.15; in 
1899, $1.10; in 1900, $1.05; in 1901, $1.00; in 1906, 8oc., the 
present rate. These reductions have been made possible by 
various economies in production, and particularly by the more | 
extended utilization of by-products and by promoting the use of 
gas for domestic and industrial purposes. 

Neither gas nor electric light has been a factor in the in- 
creased cost of living of which we hear so much. The Massa- 
chusetts Commission on Cost of Living reported that the average 
price for gas in that State in 1890 was $1.46 per thousand cu. 
it., and in 1909 g1.4c., a decrease of 36.4 per cent. in the period. 
The Commission also reported an increase in the prices of twelve 
staple commodities from 1897 to 1910 of 51.7 per cent. Dur- 
ing the same period wages also underwent a marked increase. 
If the experience of Massachusetts may be taken as fairly rep- 
resentative of the country at large, it shows that in a period of 
steadily advancing prices, both for commodities and for labor, 
the public has had the advantage of a steadily diminishing price 
of gas for all purposes. 

The output of gas has been continually on the increase, not- 
withstanding the competition from electricity. From the sub- 
joined table it appears that in 1898 the companies reporting 
showed total sales of 18,431,200,000 cu. ft., for which $21,502,- 
325 was received, an average price of about $1.17 per thousand. 
Ten years later, 1908, the companies reporting showed total 
sales of 156,909,310,000 cu. ft., for which $133,571,122 was re- 
ceived, an average price of 85c. per thousand. 

The growth in gas output as compared with the growth in 
population shows that the gas sales in large cities grow almost 
twice as fast as the population. For instance, in four great bor- 
oughs of New York City the 1890 census and IgI0 census com- 
pared show an increase in population of 90.6 per cent. in the 20 
years, while the increase in gas sales in the 17 years from 1893 
to 1910 was 164.6 per cent., or, relatively, per year about 5 per 
cent. for population and 9.67 per cent. for gas. 
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GAS SALES.* 
U. S. SALES IN CUBIC FEET—AMOUNT AND PRICE 


PER CUBIC FEET. 


M 
Cubic Feet. 


433 Companies Re- | 
porting in 1898: 
for Illuminat- | 


15,955.149 


2,476,051 


552 Companies Re- | 
porting in 1908 | 
(Oil and Water | 
Gas): 
for Illuminat- | 


506 Companies Re- | | 
porting in 1908 | 
(Coal Gas): 

for Illuminat- | 

32,485,571 

| 21,076,242 


Total M 
Cubic Feet. 


103,347,497 | 


53,561,813 | 


Total Coal and| 
Water Gas as Sold 


| 


| Aver- 
| age 
price 
rM 
| Cu. Ft. 


| $1.188 


92 
.98 


73 


65 


156,909,310 | 


| 1.029 
18,431, 


Amount. 


Amount 
$18,955,149 
2 549,181 
70,294,158 | 
26,049,063 | 96,343,221 
22,599,930 
13,627,971 37,227,901 


$133,571,122 


COMPARATIVE STATISTICS—FOUR BOROUGHS OF 
NEW YORK CITY. 


Population : 
1890: Manhattan 


Queens 


IgIO: 


Queens 


ee 


Manhattan ....... 


2,331,542 
284,041 


980 
351 


2,455,721 


4,680,914 


Gain in 20 


2 225,193 = = 90. ddd 


* Compiled from report of ss of the Interior, U. S. Geological Sur- 
vey—1902 and 1908—E. W. Parker. 
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Gas Output: M cu. ft. M cu. ft. 
1893: Manhattan & Bronx. . 11,343,000 
Brooklyn & Queens .. 3,439,000 14,792,000 


1910: Manhattan & Bronx. .27,217,105 
Brooklyn & Queens ..11,900,000 39,117,105 


Gain in 17 years 24,335,105 == 164. 6% 
Population in four boroughs—4,680,91 4. 
Sales in four boroughs—39,117,105,000 cu. ft. 
8,350 cu. ft. per capita per annum. 


GAS SECURITIES. 


Gas. has unquestionably for many years been a staple com- 
modity and its growing field of usefulness in industrial work 
as well as for cooking, heating and other domestic purposes, 
has given gas securities a standing and stability hardly ap- 
proached by any other class of investment. As has been shown, 
its ratio in increased output far exceeds the ratio of growth of 
population; for instance, the United States Census shows an 
increase in the decade from 1900 to 1910 of about 21 per cent. 
In about one-third of this time, that is, from 1905 to 1908 the 
sales of gas increased from 117,866,000,000 cubic feet to 156,- 
909,000,000 cubic feet, an increase of 39,043,000,000 cubic feet, 
or 33 per cent. in three years. This would indicate an approxi- 
mate increase of 100 per cent. in the decade or five times the ratio 
of increase given for the population, from which we may con- 
clude that gas securities are destined to maintain their high place 
as desirable investments. 

It is claimed that no other class of bonds shows such a small 
percentage of defaults as gas securities. Quoting from a:recent 
article in one of the financial journals we have the following: 


“Gas bonds have a first class record for safety; they are usually se- 
cured by a mortgage on all the property rights and franchises of the com- 
pany issuing it. 

“The condition and value of the property are passed upon by competent 
gas and mechanical engineers before the bonds are issued. 

“The bonds are issued only with the approval of a trust company, 
which is the trustee, after the trust companies have decided that the bonds 
may be issued in accordance with the terms of the mortgage and trust 
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deed. A gas company operates under the franchise or license of a city 
and usually only one company serves one community. It is a ‘necessity’ 
and the residents of the community use gas for cooking and lighting with 
practically the same certainty that they pay taxes or use the utilities fur- 
nished by the municipality itself. The business is operated on a broad 
foundation, relying on a small profit from many customers rather than a 
large profit from a few.” 


A study of the gross and net earnings of lighting companies 
shows that the effect of periods of commercial depression such 
as were experienced in 1907 and 1908 is slight as compared with 
the effect upon the earnings of general industrials. The varia- 
tion between the two is very marked for such periods, the earn- 
ings of lighting companies showing a material gain, while those 
of general industrials show a decided falling off. 

A tabulation covering three years for sixty-one prominent 
cities in the United States, all of which have well established 
sources of electrical supply, shows an increase in gas consump- 
tion from 1899 to 1902 of 31 per cent. In its widening field for 
industrial purposes, two powerful factors work for its develop- 
ment, the first of which is the fact that it requires no space for 
storage on the users’ premises. Secondly, it is smokeless and 
eliminates the troublesome factors encountered in almost all 
other fuels—the handling of the fuel itself, incidental refuse. 
ashes, and the like. 

In view, therefore, of the position of the gas industry, its 
continued growth and the variety of purposes to which its serv- 
ices may be put, it is fair to predict that, properly operated and 
with constant provision for invention and improvement, the 
business will steadily increase. 


SOME AGENCIES FOR PROMOTING THE SALE OF GAS. 


No discussion of the subject that has been assigned me in 
this series would be complete without a reference to the work 
of the National Commercial Gas Association which forms a most 
important connecting link between the producer of gas and the 
user. 

.It is conceded that a material factor in reducing the cost of 
gas production is increasing the output. 

It is of coutsé of vital importance that the product of the 
plant shall be of the required quality and that its manufacture 
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and distribution shall be at the minimum cost consistent with 
quality requirements. This is certainly worthy of the best 
thought and effort of the technical man, and this work is likely 
to make such a demand upon his time as to preclude the pos- 
sibility of his devoting any considerable attention to the com- 
mercial problems connected with the industry. 

Salesmanship has become a science, and interchange of ideas 
and the discussion of ways and means for selling the engineers’ 
product, make the importance of Commercial Gas Associations | 
loom very large in the gas world of to-day, as it is mainly 
through the development and extension of this arm of the in- 
dustry that the problem of enlarging the field of usefulness of 
gas must be solved. 

It is with us as with other industries,.if we are to have the 
highest efficiency, it must be through specialization. I believe 
the money of the gas company is well spent when it develops 
specialists in the selling line, and this brings to mind the fact 
that a close observation should be kept over the office man to 
see that those who deal with the public are sufficiently well in- 
formed and have the capacity to supplement thoroughly the 
salesman’s work and to deal with the public in a satisfactory 
manner. 

The commercial gas men have inaugurated aggressive selling 
campaigns, have instituted schools of salesmanship and have 
brought together the manufacturer, seller and user of gas appli- 
ances at their conventions, an important feature of which is the 
exhibition and demonstration of the latest and best gas-using 
devices. I am informed that a Commercial Gas Association has 
been formed in London similar to that in this country. 

I am also a firm believer in the value to lighting companies 
of newspaper publicity ; that is, going direct to the public through 
the advertising columns of the daily papers, telling in a plain, 
straightforward way of our product and our service, explaining 
the things which to: the trained gas-man may seem rather ele- 
mentary but which to the average man are more or less of a 
mystery. I know of nothing that is more promotive of good 
relations between the gas company and the public than a frank 
declaration of the principles and policies of the company, as a 
public service corporation, made without reservation and thor- 
oughly lived up to. Following the establishment in this way of 
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a broad foundation of confidence, the company may advertise 
special appliances or particular features of its service, of the 
more strictly ‘ business-getting”’ sort, with the certainty that 
the returns will amply justify the expenditure. 

But even to-day a man ushered into the lighting world faces 
a field filled with skeptics. In the minds of many there is an 
inherent feeling of bias against the lighting man, primarily per- 
haps by reason of the fact that the average individual has no 
conception of the commodity we sell, its manufacture, the im- 
mensity of the time, money, energy and skill required to build 
up a gas lighting business; and this feeling of distrust is aug- 
mented by the fact that the commodity is of so intangible a 
nature that the buyer of it has no visual knowledge of its com- 
ing into his possession as a commodity; to the average man, 
selling gas is a thing apart from selling light. The commercial 
proposition of selling our commodity is further handicapped in 
the operation of selling as compared with other products which 
may be shown by the seller. It lacks attractiveness in display, 
in fact has none itself, cannot be basketed and bundled up and 
carried away by the user who has chosen his purchase for its 
attractive appearance, has seen it measured by the yard or bushel, 
or weighed by the pound and taken in the hand and carried to 
the house. The gas-man has also inherited a deep seated an- 
tipathy of the user of his product by reason of the uncommercial 
methods of many of his predecessors in the business. Dealing 
as we do with all classes, all nationalities, all grades of people, 
and with those who to a great extent commenced doing busi- 
ness with us with this inherited prejudice, we are at once put 
upon the defensive. In dealing with the commercial proposi- 
tion we must make a large portion of our work the uprooting 
of this prejudice, and this does not demand so much of our 
engineers and gas makers as it does of our commercial depart- 
ment men, those who meet the public and who are large factors 
in our service. And this word service should show up large 
before the employee of any public utility corporation. The short- 
comings of a supply as to pressure, candle-power efficiency and 
other essentials, are apt to be the matter of a moment and when 
remedied in a gracious manner leave no rankling; but the short- 
comings which are evident in poor service, brought about by 
inattention, neglect, or slipshod methods, are not so easily effaced 


fro 
be 

cor 
of 

try 
we 
last 


blo 
of 
the 
tha 
anr 
ext 
his 
ver 
bec 
his 
edu 
the 
whi 
the 
we 
ing 
bus’ 


wot 


that 
goo 
mor 
witl 
urbe 
pure 
reco 
the 

The 
the 

attre 


COMMERCIAL AND FINANCIAL ASPECTS OF GAS. = 551 


from the consumer’s mind; so I say that this word service should 
be writ large in the mind of every worker for a public utility 
corporation. Some of our forbears did not appreciate this end 
of the business as vital to the commercial success of our indus- 
try, but we are getting away from old-fashioned methods and 
we feel that we have made great strides in this direction in the 
last few years. 

When one reflects upon the truism that “one man on the 
block makes public opinion ” and that there is large probability 
of there being at least one unreasonable individual living within 
the area of a city block, it is not strange, in view of the fact 
that the satisfied gas consumer does not go to the trouble of 
announcing his satisfaction from the housetop, that is, not to the 
extent of disturbing his neighbors or keeping them awake with 
his joyous ebullitions, that the gas man is on the defensive a 
very considerable part of the business day. And this is in part 
because the gas man has allowed an air of mystery to surround 
his business. He has not given enough time and attention to 
educational work amongst his patrons—has not tried to explain 
the workings of that mysterious black tin box in the cellar, of 


which the average consumer stands in dread and to whose ear 
the little clicking noise of its mechanism is so ominous. Happily 
we are to-day on the road to enlightening our customers by giv- 
ing to our employees a knowledge of these common things of the 
business, of which up to a comparatively recent time they were 
wofully ignorant. 


IMPORTANCE OF LIGHT TO THE GROWTH OF CITIES. 


As a factor in the growth of cities it is generally conceded 
that the lighting company is a positive force for the general 
good. The importance of its work of providing the public with 
more and better light is appreciated by all who are connected 
with the development of municipalities and particularly of sub- 
urban districts. The value of light to a municipality from the 
purely commercial point of view is becoming more and more 
recognized, as is evidenced by the agitation among merchants 
the country over for additional street and store illumination. 
These tradesmen know well the value of illumination, both in 
the matter of window display and in the general publicity it 
attracts to the lighted district and to the city as a whole. 
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Light is the world’s best policeman, for crime instinctively 
seeks the shadows and the dark corners. I believe that mary 
of our American cities could find no better way of co-c | uung 
with the efficient police bodies they have than by tho~oughly 
illuminating the communities to the very limit of municipal 
control. 

In King’s Treatise we are given this interesting information 
concerning the early days of gas lighting: 


“The police officers from Worship Street and other places gave evi- 
dence of the great utility of gas lighting in preventing robberies, and they 
also mentioned an instance where perpetration of this crime had been 
apprehended by its aid. Also that three-fifths of the street oil lamps were 
extinguished before midnight, and that the thieves would borrow ladders 
from lamp lighters for the purpose of committing robberies.” 


This was brought out in connection with an application made 
in London, in 1816, by the Chartered Gas-Light & Coke Com- 
pany for an increase in capital. 


THE MODERN GAS COMPANY IN ITS RELATION TO THE PUBLIC 
AND THE MUNICIPALITY. 


As a necessity; as a convenience; as a promoter of trade; 
and as a source of good or ill-will as between..he company and 
the community—the last named largely in proportion to the 
degree with which the company’s affairs are conducted with 
business sagacity and common sense. It is a public service cor- 
poration. Its rights and the rights of the consumer must be 
safeguarded if both are to realize beneficial results. It is not a 
one-sided proposition; one falls unless the other is supported. 
They are inter-related; they should be friends, not enemies. It 
is a mischievous interpretation of their relations that groups 
all the wrongs on one side and all the rights on the other. 

To repeat before such a representative body as this all the 
arguments for the company and for the consumer is not my 
purpose, nor is it necessary at such a time. It is suffictent to 
say that the relation of the company to the municipality should 
be characterized by integrity and efficiency of management and 
fair and impartial treatment of all who do business with it. 
In turn, when the public is fairly and efficiently served, that is, 
with the best service at the lowest rates compatible with a just 
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estimate of their respective relations, the municipality should 
snort and encourage the company. As I have said upon 
afiUti: ‘veccasion, the public is less concerned with the precise 
rate it‘pays than it is with having thoroughly efficient service. 
If the company is honestly conducted and its affairs are given 
that degree of publicity which is proper and is the public’s due, 
it does not begrudge to the company adequate returns, nor will 
it yield to the screamings of the demagogue and the self-seeker 
when he misrepresents the facts or encourages unjust attacks. 
On their side the companies must keep out of politics, and the 
mystery of management must become less of an obsession with 
those whe have important undertakings of this character en- 
trusted to their hands. 

Of course all this presupposes a full recognition of the rights 
of employees. No company will have permanent success, or de- 
serve to have it, unless those whose labor has so vitally to do 
with the enterprise are regarded as an integral part of it. Ade- 
quate wages, reasonable hours, generous treatment all along the 
line, with a system of management that encourages to the highest 
possible degree the spirit of the individual worker, are all their 
due and are recognized by the enlightened corporation. 

If there is one thing more than another that is a menace to 
industrial progiess, I believe it is the untenable position as- 
sumed by some extremists who would limit the return allowed 
to such corporations as those which are of the public utility class 
to a rate so low that it either barely equals the legal rate of in- 
terest, or, taking into account the varying factors that must be 
considered in the case of each company, a rate that is practically 
but a fraction above confiscation. To induce original invest- 
ment and development, to insure progress after establishment, 
to safeguard both the company and the community, a return not 
merely theoretically but actually fair and liberal must be per- 
mitted if the normal laws of trade are still in effect, and we 
believe that they are. 

It should be remembered that when franchises were granted 
to public utility companies they were granted with the idea that 
a service absolutely essential to the growth of the community 
was to be provided, and it must also be remembered that in many 
cases those who obtained these privileges or franchises faced a 
serious risk in making their investment, that there was no as- 

Vor. CLXXIII, No. 1038—41. 
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surance that an adequate return would be forthcoming for the 
money and energy expended in the building up of the service. 

A factor which the unthinking man should have brought to 
his notice when the supposed enormous profits accruing to light- 
ing companies are discussed, is the ratio between investment 
and gross income. Investigations show that the annual gas 
sales of many of the companies do not exceed $15 for each $100 
of investment. It must not be inferred from this that these 
companies make $15 per year on every $100 investment, but that 
their actual sales each year amount to but about one-seventh 
of the money invested. This would indicate an investment of 
$7.00 for each 1000 feet of annual sales at $1.00 per M ap- 
proximately. In other lines of business it is expected to turn 
over the capital once, twice or three times a year, but here is a 
business in which millions are invested in which the capital is 
turned over only once in about seven years. 

It has come to be well-nigh axiomatic in the gas industry 
that each company must be considered on its merits, that hard- 
ship and injustice result when one company is expected to meet 
all the requirements of the business under the same restrictions 
as every other. Engineering difficulties, extent of territory, 
character of population, maximum demand and a number of 
other considerations must in each instance be given their fair 
and proportionate bearing upon the entire problem. 

But we cannot expect all of the desirable factors to which 
I have alluded to be fully developed at once; substantial and 
permanent progress in any industry, in any line of human en- 
deavor, is usually of slow growth. But we can work toward 
them with the certainty that the material returns will be grati- 
fying, and that we shall be contributing, if only in a slight 
degree, to the establishment of efficiency and equity and justice 
in our commercial transactions. 


FRANCHISES. 


An official of one of the largest and most active of our 
American companies dealing in and having to do with the man- 
agement of public utilities, Mr. Arthur S. Huey, quite recently 
gave utterance to some suggestions on the subject of franchises 
that will bear frequent repetition, and I am presuming upon his 
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courtesy in embodying them in this paper. They were con- 
tributed to a well-known publication a few months ago and ad- 
mirably voice the sentiments of progressive managers. Said he: 


“The principal obligations of both parties to a franchise should be— 

On the part of the Utility Company: 

ist. Rendering of good, adequate, and continuous service. 

and. Fair and reasonable rate schedules. 

3rd. No discrimination among consumers of the same class, or between 
classes of customers for like service. 

4th. Extension of service into all populated sections of the municipality 
and suburbs. 

sth. Earnest endeavor to market the greatest possible volume of service. 

6th. Adoption of approved inventions and developments in machinery 
and apparatus. 

7th. Sound financial management. 

8th. A high standard of physical maintenance. 

oth. Public spirited attitude in all matters concerning the general welfare 
and advancement of the community. 

10th. Broad and liberal business administration. 

11th. Keeping faith with the people in all agreements, promises and 
announcements. 

12th. Strict obedience to law and no participation in politics. 

On the part of the public: 

1st. The same degree of confidence, encouragement and respect that 
one business man accords to another, that any citizen expects from his 
neighbor. 

2nd. Willingness to permit a fair profit on the capital, energy, ability 
and risks embodied in the undertaking, to permit a profit greater than mere 
interest which could be obtained without effort or hazard. 

3rd. Disregard of attacks by popularity seeking agitators. 

4th. Willingness to recognize and reward improvements in service. 

sth. Recognition of the fact that the operation of utilities differs funda- 
mentally from merchandizing or manufacturing. 

6th. Reasonableness in demanding large capital outlay for improve- 
ments not strictly necessary to the rendering of adequate service, such as 
placing wires underground in cities of small or medium size. 

7th. To make prompt payment of bills, because the company cannot 
render the service demanded if its only source of income is retarded, 

8th. Protection against direct competition. All authorities agree that 
public utilities can be conducted with greatest benefit to the public as con- 
trolled monopolies. 

oth. Careful consideration of legislation, municipal, state and national, 
which would hamper and curtail the development of utilities. 

roth. Recognition of the fact, that, starting from a given base line, 
which varies in different localities, reductions in rates can be secured with- 
out financial loss only by increasing the volume of service sold. 

11th. Recognition of the fact that no utility company can well serve a 
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municipality if it is not in prosperous condition, and able to secure the 
investment of new capital on favorable terms. 

12th. Treatment of all questions affecting public utilities in a fdir minded 
way, looking upon them as business questions without regard to political 
considerations.” 


MUNICIPAL AND PRIVATE OWNERSHIP. 


Public utilities in the United States, in their establishment, 
development, and successful operation, have resulted almost 
wholly from private initiative and private capital. 

There are probably not more than twenty-five municipally 
owned and operated gas plants in this country. 

Under a system of municipally controlled utilities it may be 


expected that— 


“ Operating costs will be, as they have been, materially increased by the 
demand for preferment and for employment of men whose services are not 
actually needed. The salaries being fixed by a council dependent upon 
public suffrage, makes it possible that there be no limit to the number of 
positions to be created and no control over the remuneration established 
for them. . 

“The rule of municipally owned plants is to cut rates to a point below 
cost of production and make no allowance for depreciation and often no 
interest is charged off against the investment. 

“ Expensive extensions are made to, favored firms and when the time 
comes for renewals and repairs, the taxpayer will be asked to appropriate 
funds from the treasury or stand sponsor for a bond issue. 

“Economy of operation and advantageous selling are the great factors 
that must determine the success of any lighting enterprise.” 


The operations of municipally controlled lighting plants are 
largely confined to street and municipal building lighting and 
do not as a rule furnish the citizens as individuals. Conse- 
quently they cannot be compared with the operations of a com- 
pany supplying individual dwellers in a municipality; but where 
we have an opportunity of making comparisons of somewhat 
similar lines of operation, the results are certainly not unfavor- 
able to the private companies. 

The report of a committee of the National Civic Federation. 
that investigated the subject, calls attention to— 


“the danger here in the United States of turning over these public utilities 
to the present government of some of our cities. Some, we know, are wel! 
governed, and the situation on the whole seems to be improving, but they 
are not up to the government of British cities. We found in England and 
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Scotland a high type of municipal government, which is the result of many 
years of struggle and improvement. Business men seem to take a pride 
in serving as city councillors or aldermen, and the government of such 
cities as Glasgow, Manchester, Birmingharn and others includes many of 
the best citizens of the city. These conditions are distinctly favorable to 
municipal operation. 

“ However, there seems to be an idea with many people that the mere 
taking by the city of all its public utilities for municipal operation will at 
once result in ideal municipal government through the very necessity of 
putting honest and competent citizens in charge. While an increase in the 
number and importance of municipal functions may have a tendency to 
induce men of a higher type to become public officials, we do not believe 
that this, of itself, will accomplish municipal reforms. We are unable to 
recommend municipal ownership as a political panacéa.” 


COMPETITION VS. MONOPOLISTIC CONTROL OF PUBLIC 
UTILITIES. 


Quoting from the Wisconsin Railroad Commission: 


“ Duplication of such plants is a waste of capital, whenever the services 
can be adequately furnished by one plant only. It necessarily means that 
interest and maintenance must be earned on a much greater, if not twice 
as great, an investment, and that the actual cost of operation is likely to be 
relatively higher. Competition in this service therefore usually means a 
bitter struggle and low rates, until one of the contestants is forced out of 


the field, when rates are raised to the old level if not above it, or to a 
combination or understanding of some sort between them which also ulti- 
mately results in higher rates. In this way it often happens that the means 
which were thought to be the preventive of onerous conditions become the 
very agents through which such conditions are imposed. In fact, active 
and continuous competition between public utility corporations furnishing 
the same service to the same locality seems to be out of the question. This 
has been shown by experience. Such competition is also contrary to the 
very nature of things. Two distinct and separate corporations are not likely 
to remain separate very long after it becomes clear that the services ren- 
dered by both can be more cheaply and more effectively furnished by only 
one of them.” 


The Public Service Act of New York was enacted with the 
expressed intent that no more capital be invested than is re- 
quired efficiently to supply the desired service, and it therefore 
not only restrains the issuance of stocks and bonds, but for the 
same reason also restrains the operations of new companies 
“unless necessary or convenient for the public service.” In 
order to produce the most favorable economic conditions in the 
operation of utilities, it is intended to prevent the economic waste 
which is inseparable from needless duplication of capital; and in 
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justice to existing corporations it is clearly the duty of the 
Public Service Commission to protect them from destructive 
competition, which would or might jeopardize the interests which 
have promoted the existing service by depriving them of a just 
return upon their invested capital, and prevent them from giving 
efficient service by so impairing their earnings as to make effi- 
ciency impracticable. 


REGULATION BY COMMISSION. 


If the question of rates is to be determined, in any degree, 
by a public body, it is a safe proposition to advance that a 
Public Service Conimission, if rightly constituted, would be far 
better able to pass upon such an important matter than a legis- 
lature. With facilities which would be available by a Com- 
mission, a more intelligent understanding could be had of con- 
ditions which should govern in such matters. The process of 
finding out by qualified experts through long and exhaustive 
research is not what would be at the command of a legislative 
body dealing with a voluminous public business in short ses- 
sions. Such a Commission, which has gained the confidence of 
the public and the lighting company, is better able through the 
investigation of its experts to cope with this intricate subject 
than a body which, as a body, has no particular local interest in 
such a matter as gas rates. 

In the larger communities, competitive control of the gas 
industry has given place largely to monopolistic control, and 
this tendency received a great impetus in the establishment of 
State commissions to regulate and supervise various features of 
the business. In certain lines of business, regulated monopoly 
appears to be here to stay, and this is especially true of this in- 
dustry. It is well that this is so, for the industry is certainly 
one of a class where competitive conditions work not only loss, 
hardship, and discomfort to the public, but in the weaker com- 
panies tend to inefficiency and generally poor service. 

But regulation must not mean management, -and it will not 
be construed as in any sense to mean management if commis- 
sions are constituted of competent and broadminded officials. 
On the other hand, there cannot, with justice to the public or to 
the corporations, be.left a twilight zone in which neither appears 
to have jurisdiction. The light of common sense must be made 


tial 
per 
abo 
in 
was 
acti 
pho 
Oxy 


te 

f 

le 

fe) 

al 

m 

o1 

be 

m 

th 

co 

or 

ali 

ag 

an 

an 

wl 

ass 

the 

an 

col 

KX, 


COMMERCIAL AND FINANCIAL ASPECTS OF GAS. 559 


to shed its rays upon this whole question, and when that day has 
fully dawned we shall find the exactions upon the corporations 
less burdensome and the resistance of the corporations to wise 
and reasonable requirements eliminated. 

This centenary celebration is a milestone in the progress of 
one of the world’s great industries. These hundred years have 
given to mankind many of the most marvelous of its processes 
and of its inventions. In a gathering of this character we draw 
upon the past for its history and its lessons. Knowing by these 
means of the character of the pioneers in the gas industry, and 
of many of their successors by more intimate association, I 
believe these men of the present are in a position to contribute 
much to the solution of problems that to-day confront the busi- 
ness community; and, furthermore, I believe they are alive to 
this opportunity for beneficent public service. 

In this time of industrial unrest the business interests of the 
country should play a conspicuous and helpful part. Commer- 
cial honor is not a rarity; the ethics of trade are not mere mem- 
ories of a glorious past in the life of the nation. Such gener- 
alizations are but the familiar stock-in-trade of the professional 
agitator or self-seeking politician. But business—big business 
and small business in all its manifold branches—owes its strength 
and its progress and its permanency to that ordered liberty 
whose fostering care it can in no wise so well assure, and when 
assured repay, as by willing and complete obedience not only to 
the law of the land but to those higher laws without an observ- 
ance of which we shall fall far short of our ideals of the true 


commercial greatness of a mighty people. 


Amorphous Silicon. L. Campi. (4ftti R. Accad. dei Lincei, 
xx, I, 440.)—The chemically active product obtained by the 
hydrolysis of black silicon sulphide is regarded as consisting essen- 
tially of a variety of amorphous silicon. A sample containing 96 
per cent. of silicon had the specific gravity 2.08 as compared with 
about 2.35 for the amorphous silicon of Vigouroux. When heated 
in vacuo for 1 hour at goo° C. the bright reddish-yellow product 
was converted into a denser brown substance, much less chemically 
active and very similar to Vigouroux’s product. The active amor- 
phous silicon always contains small quantities of hydrogen and 
oxygen, probably combined with silicon. 
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Zinc Alloys Heated in Vacuo. T. Turner. (Just. of Metals, 
Jan., 1912.)—It is found that zinc and other metals are entirely 
removed from brass and other copper-zinc alloys when they are 
heated in a vacuum. In the case of brass the separation of the 
zinc is quantitative, provided the temperature does not exceed 
1200° C. and the heating is not too prolonged; by subjecting a 
sample of “ poisoned” brass to this treatment all the zinc, lead, 
and arsenic.and a little of the tin were removed at 1200° C. Zinc 
volatilizes easily at 375° C. in a vacuum, and ‘is readily volatilized 
from 60/40 and 70/30 brass at temperatures of 520° C. and 540° C. 
respectively. When 180 grammes of 70/30 brass were melted in a 
crucible and allowed to cool in an exhausted desiccator, the per- 
centage of zinc in the alloy was sensibly reduced, although the 
charge could not have remained liquid for more than 3 minutes. 
On heating zinc with copper in vacuo, though the metals were not 
in contact, the copper rapidly turned yellow at 380° C., the zinc 
being still solid. When hard zinc (the residue from galvanizing 
baths, containing about 5 per cent. of iron) was heated to 500° C. 
in a vacuum, the zinc was completely volatilized, the iron remaining 
in the residue. The application of this principle to the refining 
of crude copper, brass scrap, hard zinc, etc., is suggested. 


Ice Drift in Polar Regions. O. A. Akesson. (Ark. fiir Mat. 
Astron. och. Fysik. Stockholm, vi, No. 40, 1.)—In polar regions the 
method generally employed for determining latitude and longitude 
involves the observation of two altitudes of the sun or other celestial 
object and the corresponding times. This supposes the observer 
fixed. If the observer be on a moving ice-field, it is possible so to 
arrange the observations that the position and velocity and direction 
of the observer may be calculated. Four observations must be 
taken of the altitude of the celestial object, and the corresponding 
times. If the time between the first and second observations and 
between the third and fourth be six hours, while that between the 
second and third be several days, the positions are determinable, 
and from these the velocity and direction of the motion of the ice 


is easy to compute. 


Chicle Gum. J. E. Q. Bosz and N. H. Cowen. (Arch. Pharm., 
ecl, 52.)—The larger portion of chicle gum, which is obtained in 
Mexico and Central America from Achras sapota, goes to the 
United States, where it is manufactured into chewing gum. The 
authors have examined it, as Schereschewski did, and find that 
a-chiclalban consists of almost pure ¢-amyrin acetate, B-chiclalban 
is a mixture of lupeol and a- and B-amyrin combined with caproic. 
acetic, and cinnamic acids. It appears probable that 7 -chiclalban is 
identical with cerotinone. Chiclafluavil is a mixture of all the con- 


stituents of the chicle gum. 
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ALTERNATING-CURRENT DEVELOPMENT IN 
AMERICA.! 


BY 


WILLIAM STANLEY, 


Great Barrington, Mass. 


Ir is my purpose this evening to attempt to describe the 
conditions of the electric lighting industry and its engineering 
status at the time that the alternating-current system was intro- 
duced; to give, very briefly, the causes which made it necessary 
to devise a new system of distribution that would remove the 
difficulties which had temporarily brought the art to a standstill ; 
and to speak a few words concerning its growth. 

The alternating-current system of distribution came into use 
in 1885. It is to be remembered that long prior to this date 
Mr. Edison had completed his work upon the incandescent lamp 
in this country and that it had been introduced into many places 
for the purpose of lighting large buildings ; but only about a dozen 
plants had been installed to furnish incandescent lighting to the 
public. The labors of Edison, Swan, Weston, and Maxim had 
developed the incandescent lamp until it had become fairly reli- 
able as well as fairly efficient. 

Prior to 1884 Weston had made large candle-powered lamps 
that were quite generally used for semi-public lighting, and had 
further greatly advanced the art by his labors in perfecting the 
continuous-current generator. Indeed, excepting for increased 
capacity, he produced at that time machines that were fully equal 
to those of the present day. 

But the advance of the art and the general distribution of 
electricity for domestic purposes was greatly retarded by the fact 
that the cost of the conductors necessary to convey the current 
over any considerable distance was nearly prohibitive. It was 
the common saying of the day that, if one should attempt to light 


* Presented at the joint meeting of the Electrical Section and the Phila- 
delphia Section, American Institute of Electrical Engineers, held February 15, 
1912. 
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Fifth Avenue from Fourteenth Street to Fifty-ninth Street, the 
conductors required would be as large as a man’s leg. 

Dr. John Hopkinson, of England, and Mr. Edison, at about 
the same time, and independently, devised the three-wire system, 
which increased about threefold the area over which economical 
distribution could be made. But even this increase in the possi- 
bilities of distribution was insufficient to meet the demands upon 
the art. 

Engineers understood that the solution for the distribution 
of electricity over long distances would be found by employing 
some system operating at high potential; and very strenuous 
efforts were made towards this end. 

In 1883 Mr. Charles F. Brush, the well-known inventor, put 
upon the market a system in which continuous-current generators 
of high potential fed storage batteries grouped in series connec- 
tion. The batteries, in turn, fed, locally, incandescent lamps in 
houses, hotels, and other buildings. High hopes were held for 
the success of this plan, but battery difficulties and the dangers 
incident to the high-potential series system finally caused its 
downfall. 

Dr. Weston, Prof. Elihu Thomson, and others attempted, at 
about this time, to operate a series multiple system in which 
the potential upon each multiple arrangement of lamps was gov- 
erned by an automatic device that cut into circuit, compensating 
resistances whenever the lamps were turned out. This system 
was introduced in many places, and was especially successful 
wherever the lighting could be watched and guarded by a local 
attendant, as in railway stations, department stores, and other 
semi-public places; but no general solution of the problem was 
found, and the art hesitated, and its progress was delayed, for 
the reason that conservative and far-sighted engineers did not 
recommend its introduction for the general distribution of light 
and power. 

It was while our engineers and inventors were groping about 
for a solution to the distribution problem that the first sugges- 
tions to use alternating currents were made. The Patent Office 
records of the country show that Jim Billings Fuller, in 1878, 
applied for and obtained a patent for the use of an alternating- 
current generator and an induction coil connected to it as a means 
of distributing electricity ; but this disclosure, while it contained 
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a hint of the true solution to the problem, was so vague and so 
indeterminate that, so far as I am informed, Fuller never pro- 
ceeded further than to put his ideas upon paper; and he probably 
did not understand the governing factors that later proved to be 
the keynote in the solution of the problem. 

In 1884 Messrs. Goulard & Gibbs—the one an Italian engi- 
neer, and the other an English promoter—constructed in England 
an alternating plant for the purpose of distributing electricity 
by means of alternating currents generated at high potential 
and induction coils connected in series arrangement with each 
other (Fig. 1). 


Fic. 1. 


In this system of distribution a constant value of current is 
generated (such, for example, as 10 or 50 amperes) and is 
compelled to flow through the primaries of the induction coils 
irrespective of the load they may carry upon their secondaries. 
Such an arrangement means that the electrical potential upon 
both primary and secondary coils must vary with the variations 
of their load, and, consequently, if lights are connected to the 
secondary circuits the candle-powers of these lights will rise and 
fall as the number in circuit is changed. To obviate this diffi- 
culty and to reduce the fluctuations as much as possible, the 
designers made their coils with straight, open-circuited magnetic 
cores, and also introduced regulating resistances in parallel with 
the lamps in circuit. This arrangement, or system, possessed 
little novelty in the design of its apparatus, and was of no prac- 
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tical value in the solution of the general problem. It is remark- 
able that Messrs. Goulard & Gibbs continued to advocate this 
arrangement after the final solution of multiple-arc connection 
and constant potential circuits had been disclosed. 

At this time (1884) there was, so far as I know, but one 
firm that was building alternating-current generators, although 
many attempts to produce successful alternators had been made 
abroad. Messrs. Siemens Brothers were building alternators 
to operate arc lamps for light-house purposes. Each machine fur- 
nished the electricity for one large arc lamp. The machines of 
Lontin, Gordon, and other designers had failed to fulfil the hopes 
of their authors, and had either gone out of service or had been 
discredited. Indeed, it was generally assumed that the genera- 
tion and transmission of alternating currents presented very 
serious difficulties in addition to those found when continuous 
currents were employed. While, therefore, the work of Goulard 
& Gibbs did not result in the production of any commercial sys- 
tem, we are indebted to them for the interest they aroused in 
the possibilities of alternating-current service, for they undoubt- 
edly drew attention to this branch of electrical engineering. 

Of quite a different order and value was the work of Messrs. 
Zipernowski, Deri and Blathy, three distinguished engineers of 
the firm of Ganz & Company, of Budapest, Hungary. Looking 
back upon their work from our present vantage ground, we can 
only sympathize with and admire it. In 1885 Ganz & Company 
exhibited at a local fair in Hungary a system employing alter- 
nators wound for a constant and high potential, induction coils 
connected in parallel arc by their primary circuits and wound 
with short and, therefore, low potential secondaries, to which 
lamps were connected. In fact, they disclosed the alternating- 
current system as we now use it. Their transformers were made 
with closed magnetic circuits, were intelligently designed, and 
were properly constructed. If the work leading up to the Great 
Barrington plant, of which I shall soon speak, had not been under- 
taken, and if the plant had not been built, we would still have 
had the system from Budapest without essential modification. 
In October, 1885, Zipernowski, Deri & Blathy published a de- 
scription of their system in the English Electrical Review. | 
am glad to bear testimony to the work of these distinguished 
men, especially for the reason that Americans have been inclined 
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to give to the work of Goulard & Gibbs credit which, in my 
opinion, it is not entitled to, and in which Zipernowski, Deri & 
Blathy should fairly claim a pioneer’s share. (Fig. 2.) 

I now am obliged to refer to the work which I carried out 
in this country and which resulted, in 1885, in the building of 
the first alternating-current plant at Great Barrington and the 
introduction to the country, by the Westinghouse Electric Com- 
pany, of the system there operated. A discussion of one’s per- 
sonal work is somewhat embarrassing, yet I fear I shall have to 
ask your indulgence while I attempt to describe the influences 
which led me to pursue the subject. 

In 1883 I was tremendously impressed with the Brush stor- 
age battery system above referred to. I knew Mr. Brush, and 


had the highest admiration for his work. Indeed, it was a char- 
acteristic of Brush’s work that he turned it out in completed 
and satisfactory form. When, therefore, he announced that his 
storage battery was perfected and that he had devised a solution 
to the distribution problem, I was enormously impressed. At that 
time I was disobeying the laws of chemistry by attempting to 
produce a battery on a novel but unsuccessful plan. This battery 
work brought clearly before me the importance of the counter 
electro-motive force of the battery in maintaining a constant 
potential upon the service to be supplied. Batteries are clumsy 
affairs, and in those days they were difficult to handle and 
troublesome to maintain. The reason that they were employed 
by Brush was, in reality, to produce this counter, regulating 
electromotive force—a variable electromotive force that should 
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adjust itself instantly and accurately to the varying load con- 
ditions of the service, and thus maintain a constant potential. | 
asked myself why such an electromotive force could not be made 
in some other way—whether it were not possible to obtain it by 
a rotational device like a motor—and I harassed my brain in 
searching for some means to attain this end. 

On September 18, 1883, I made the following entry in my 
laboratory notebook (Fig. 3): 


A system of multiple series translating devices, each series having an 
opposing electromotive force shunt in combination with an alternating cur- 
rent dynamo electric machine, etc., whereby the potential between the supply 
mains is maintained at constant value. 


FiG. 3. 
| > 


I foresaw at that time, dimly, to be sure, but still with 
sufficient accuracy to realize something of its value, that alternat- 
ing currents could be used to produce an electromotive force 
upon the circuit to be regulated, in place of the battery electro- 
motive forces suggested by Brush and the resistance electromotive 
forces of Weston and Thomson. I do not mean to intimate 
that at that time I had complete knowledge of the invention— 
that came later—but that it was the starting point from which 
I worked until, in 1885, the completed system was developed. 

It is difficult for engineers of the present day to appreciate 
the conditions of that time. Please remember that there were but 
few books on electrical engineering, no formule, except those 
hidden away in scientific papers, no nomenclature, and there was 
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hardly any information about alternating-current phenomena 
available. All of the alternating-current machinery devised prior 
to this date, with the exception of the Siemens alternator, failed 
for one reason or another, and there was a popular opinion that 
there was nothing of value in the alternating-current field. It 
therefore took definite self-conviction to believe that the solution 
of the distribution of energy by electricity lay in this despised 
and rejected line of work. At this time the laws of the magnetic 
circuit were not generally understood or accurately defined, and 
it was difficult to find an engineer who had a clear, clean, definite, 
and easily applicable conception of the subject, so when I began 
studying induction coils the phenomena that appeared were 
strikingly novel, and interesting, and to me, at least, it was 
only possible to have a physical conception of them, not a quanti- 
tative estimate of their value. 

Early in 1884 I made an arrangement with Mr. George 
Westinghouse which took me to Pittsburgh—this was before the 
organization of the Westinghouse Electric Company—where for 
a while I was swamped with work in other lines. During this 
busy year (1884) I was carrying in my mind the old problem 
of distribution. It had become my major ambition by this time— 
my secret ambition, if I may confess it. Several times during the 
year I thought to get at it, but I could not until fall; and as I 
had no alternator at hand, I wasted a good deal of effort in 
attempting to transform continuous into alternate currents by a 
special form of induction coil having two opposite wound primary 
circuits, one secondary, and a commutating device. It worked, 
some, but oh how it sparked! In experimenting with this device, 
| realized the importance of the closed magnetic circuit in reduc- 
ing the intake or magnetizing current, and convinced myself 
then that if the commutating difficulties were disposed of the 
system would solve the problem. I don’t know that I would go 
quite so far now. 

By the spring of 1885 my health gave out, and there seemed 
to be a grave question as to my ability to withstand Pittsburgh 
and its work. My doctor began to advise me to go to the coun- 
try. I was rather discouraged, for the surroundings were un- 
congenial, the work hard, and the results meagre. 

One day when the experimental work was troubling me Mr. 
Westinghouse told me that he could get an option on the work of 
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Goulard & Gibbs, and suggested that he send for their alternating 
(Siemens) machine and their induction coils. I told Mr. West- 
inghouse that I did not think the system commercially useful, 
but that I appreciated its coming—particularly the alternator— 
and this led me to tell him that if the induction coils were wound 
for parallel instead of series connections, as used by Goulard & 
Gibbs, the distribution problem would be solved, as each coil 
would then operate independently of the others in circuit and 
would be self-regulating, both as to electromotive force and 
current transformed. 

The study and effort I had given to the development of my 
commutator-transformer cleared and defined my notions. | 
realized that if we could make a transformer that would regulate 
the energy transformed by slight variations of its induced counter 
electromotive force in the same manner that a shunt-wound 
motor regulated for energy transferred by variation of its rota- 
tional counter electromotive force, the problem would be beauti- 
fully solved. I saw this analogy faintly at first, but soon with 
strong and clear conviction. I was very much excited by it. It 
seemed too simple and too easy to be true. I was almost afraid 
to believe or speak of it, for I had experienced a good many 
disappointments and was in a nervous and overworked con- 
dition; but as my convictions grew and strengthened I gained 
courage. Then I clearly saw that the solution was found. | 
told Mrs. Stanley, and, although she did not understand a word 
about it, she saw it too. 

At this time Franklin Leonard Pope was a conspicuous and 
important factor in electrical engineering matters. He was 
also adviser to the Westinghouse interests. I pointed out to 
Mr. Pope the similarity of the parallel connected transformer to 
the shunt-wound parallel connected motor. I waxed eloquent 
over the automatic regulation of the system of parallel connec- 
tion, and tried my best to picture the phenomena clearly to him. 
But Pope’s conviction came slowly—more slowly than my 
patience could stand. He pointed out that if high potential pri- 
mary circuits of 500 volts or more were used to distribute elec- 
tricity throughout a community, there was a grave fire and life 
danger, and he held back and did not at first approve of the plan. 

For this reason, I suppose, Mr. Westinghouse hesitated to 
furnish the money necessary for me to experimentally prove my 
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views, and for a moment I was at a loss to know what to do. 
I had a little capital, and finally I made a trade with Mr. West- 
inghouse and sold him half of my holdings, realizing several 
thousand dollars, and agreed to use the funds so obtained in ex- 
perimental work for the company’s benefit. This arrangement 
now seems a trifle one-sided, as I did not benefit by it excepting 
as a stockholder in the company; but I suppose that Mr. West- 
inghouse was doubtful of my success, and therefore did not feel 
justified in putting up the money. For my part, I feel that I 


Fic. 4. 


made the best bargain of my life, for, with the enthusiastic 
approval of the one who never hesitated at taking a chance—the 
one whose courage never failed—we packed our belongings, 
shock the dirt of dreadful Pittsburgh from us, and hastened to 
the green fields of Berkshire, to build a laboratory and succeed 
or perish in our work. 

Before leaving Pittsburgh I designed several induction coils, 
or transformers, as we now call them, for parallel connection. 
One is here shown. (Fig. 4.) It was designed in the early sum- 

Vor. CLXXIII, No. 1038—42. 
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mer of 1885 and wound for 500 volts primary and 100 volts 
secondary electromotive force. It is the original transformer now 
in the library of the Electrical Engineering Society, and is the pro- 
totype of all transformers since made. Several other coils were 
constructed for experimental information—one with a variable 
air gap in the magnetic circuit, and several with iron wire cores. 

During the midsummer months I was too indisposed to work, 
but when the cool September nights came on my health came back, 
and I started in to equip my laboratory. 

At the north end of the village of Great Barrington was an 
old, deserted rubber mill. This I leased for a trifling sum, and 
erected in it a 25-horsepower boiler and engine that | purchased 
for the purpose. I have frequently met, in a long and 
stormy life, serious and obstinate difficulties, but I have 
never encountered any mechanism, of any kind whatsoever, that 
possessed so profound a genius for going wrong as this engine. 
My engineer once offered to bet the engineer of the woollen 
company ten dollars that my engine could pump all the steam 
and water from their battery of boilers in twenty minutes, and 
[ believe that if he could have kept her going for that time he 
would have won. After about a month’s work we synchronized 
the power plant—got the pump injector, boiler and engine to 
agree to work on the same day. 

After what seemed another interminable delay we at last 
installed the Siemens alternator that Mr. Westinghouse imported 
from London. In the meantime I had started the construction 
of a number of transformers in the laboratory, and engaged a 
young man to canvass the town of Great Barrington for light 
customers. 

The Siemens alternator was wound to furnish 12 amperes of 
current with a maximum of 500 volts. Having a very high 
armature inductance, it was very sensitive to load variations. 
Starting out from the old rubber factory in which the laboratory 
and plant was installed, two No. 6 white underwriter wires were 
stretched down the main street of the village and fastened to insu- 
lators nailed to the big elms bordering the sidewalks. A pair of 
No. 10 wires were connected from the centre of distribution of 
the system and brought back on separate insulators to the labora- 
tory in order that we might determine the exact drop of the line 
under variations of load. Finally, after the wiring was com- 
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pleted, half a dozen transformers were installed in our custo- 
mers’ cellars. They were placed in wooden, skeleton boxes cov- 
ered with mosquito netting and kept under lock and key 
(Fig. 5). 

We built in all at the Great Barrington laboratory twenty- 
six transformers, ten of which were sent to Pittsburgh to be used 


in a demonstration plant between the Union Switch and Signal 
Company’s factory and East Liberty. This plant was operated 
a year after the Great Barrington plant had demonstrated the 
operativeness of the system. We installed in the town plant a 
Barrington two 50-light and four 25-light transformers, the 
remainder being used in the laboratory for experimental work. 
Of the twenty-six transformers built, one short-circuited under 
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test. ‘The transformers in the village lit thirteen stores, two 
hotels,-two doctors’ offices, one barber shop, and the telephone 
and post offices: The lamps were of 150-, 50-, and 16-candle- 
power sizes. The length of the line from the laboratory to’ the 
centre of the town was about 4,000 feet. 

At this time I called my induction coils ‘ converters,” coin- 
ing this name for them. It was adopted generally. I really did 
not quite like the name, and one day I asked my friend Senator 
Hosmer, the local scholar, to come to supper, and after explain- 
ing to him the action of my converters asked him to improve the 
name. He suggested that “ converter” implied a conversion of 
one kind of thing to another kind of thing, but that “ trans- 
former”? was more applicable to the device. I, however, hung 
on to “ converter ” until later, in England, I believe, they adopted 
the change that Hosmer had suggested, 

We first devised and tried out at the Great Barrington labora- 
tory the step-up and step-down transformer system now so gener- 
ally used for power transmission, the generating electromotive 
force being transformed from 500 to 3,000 volts and from 3,000 
back to 500 volts, and then sent over the line downtown. Lamps 
connected in series across these voltages gave voltmeter evidence 
that these transformations were really performed. This, so far 
as I know, was the first high-potential, alternate-current trans- 
mission line ever attempted. 

[ find from my old record books that the town plant was 
not put into regular service until March 6, 1886, but long 
before this time the system was tried out and had vindicated itself. 
At last the town was lighted, and we had ocular evidence of our 
success. We madea gala night of it. The streets and stores were 
crowded with people, the big 150-candle-power lamps were run- 
ning at about double their candle-power, and my townsmen, though 
very skeptical as to the dangers to be encountered when going 
near the lights, rejoiced with me. 

This plant continued to operate successfully, with the excep- 
tion of one small fire, until an attendant, in the summer of 1886, 
dropped a screw-driver into the alternator and ruined it. 

Long before this, however, I became convinced that the Sie- 
mens alternator did not possess the characteristics necessary for 
the best operation of the system. Between November 5 and 15, 
1885; I designed and completed the drawings’of a new alternator 
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—the radial pole type of machine now so well known—and sent 
them to Pittsburgh. This machine proved a really remarkable 
designing success. It was calculated to deliver 500 volts with a 
drop of 2 per cent, between full and no load when running at a 
thousand revolutions and with 10 amperes of excitation current. 
It actually gave 490 volts under these conditions, while its inher- 
ent regulation was very close to the amount predicted. Further- 
more, it was decently cool. 

| presume the design of such a machine seems a very simple 
matter, but in those first days it was no trifling experiment, for 
many attempts to build alternators having iron cores with strong 
fields had been unsuccessful. I took the position that a constant 
potential alternator should have these characteristics, and that 
a machine could be devised that would give them. (Fig. 6.) 

On April 6, 1886, Messrs. George and H. H. Westinghouse, 
William Lee Church, Guido Pantalioni, H. H. Jackson, Franklin 
L. Pope, and Walter C. Kerr came to Great Barrington to visit 
my laboratory, where they saw the system working for the first 
time. This visit determined Mr. Westinghouse to actively enter 
the alternating-current field, as the novelty and scope of the 
system surprised him greatly. 

[ have a very personal affection for a transformer. It is 
such a complete and simple solution for a difficult problem. It 
so puts to shame all mechanical attempts at regulation. It handles 
with such ease, certainty, and economy vast loads of energy that 
are instantly given to-or taken from it. It is so reliable, strong, 
and certain. In this mingled steel and copper, extraordinary 
forces are so nicely balanced as to be almost unsuspected. This 
equilibrium is remarkable. It is like putting on the pans of a 
delicate chemist’s balance 10-pound weights so exactly timed in 
their application that never a tremor stirs the needle from its 
mark, 

The success that attended the demonstration of the system at 
Great Barrington was followed by a second demonstration con- 
ducted by the late Oliver Shallenberger, who had succeeded to 
my place as engineer for the Westinghouse interests in Pitts- 
burgh. Mr. Shallenberger erected the alternator shown in 
Fig. 6 above mentioned at the Union Switch and Signal Com- 
pany’s works in Pittsburgh, and ran a line from Pittsburgh to 
East Liberty, distant about three miles. At the far end of the 
line he also erected the transformers which I had built for that 
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purpose at the Great Barrington laboratory, and he made careful 
measurements of the drop of potential and efficiency of distribu- 
tion. The results of these tests were very encouraging. Mr. 
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Shallenberger next increased the potential of the alternator and 
rewound the transformers to operate at 1,000 volts, and again 


tested out the system. 
Convinced that a general solution for the distribution problem 
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had been found, Mr. Westinghouse at once undertook to place 
the system upon the market, and in the winter of 1886-87 
erected at the Buffalo Electric Company’s station the first com- 
mercial plant for that purpose. 

At that time the Edison direct-current system was very 
strongly entrenched throughout the country, both because of the 
great prestige of Mr. Edison and because of the strong financial 
interests that were believed to be behind him. The Edison Com- 
pany entirely failed to appreciate the distribution value of the 
alternating system, and it openly condemned it as dangerous and 
uneconomical, and prophesied its speedy downfall. For once 
these noted engineers were mistaken. Of the six thousand sta- 


FiG. 7. 


AKAAAA 
AVAY, WV 


| 


| 
| 


> 
< 


| 


tions now operating in this country less than two hundred are 
furnishing continuous current. 

The next step in the development of the art was the devising 
of the so-called auto-transformer shown in Fig. 7. I worked 
out this device in the winter of 1886 and 1887; and it is inter- 
esting to see that it is almost exactly identical with the arrange- 
ment (shown in Fig. 3) that I worked on in 1883, the difference 
being that, in the latter, two magnetic cores are employed for 
the two branches illustrated, while in the auto-transformer a 
single core magnetically links all the circuits together. The 
auto-transformer has been exceedingly useful in the local distri- 
bution of electricity and in regulating the potential of alternating 
circuits; for example, it is employed in governing and controlling 
the alternating potential applied to the motors of the New York, 
New Haven and Hartford Railroad Company’s main line system. 
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The next step in the development of the art was the introduc- 
tion of the polyphase system by Mr. Tesla in 1887, and the appli- 
cation of the induction motor to commercial purposes. Few 
people realize the enormous amount of work that was done to 
develop this invention to its present very perfect form. This 
motor, whose operation depends upon employing phase differing 
currents in such manner as to combine their individual fields into 
a resultant field rotating about one element of the motor, was first 
devised in 1885 by Prof. Galileo Ferraris, of the University of 
Turin, Italy. Prof. Ferraris, however, did not appreciate its 
industrial importance; and, although he clearly described the 
physical and mathematical reactions that took place, and even 
suggésted that it might be used to furnish the motive power to 
drive an alternating-current motor, yet he failed to foresee its 
enormous industrial application. Mr. Tesla, in a number of re- 
markably clean, clear, and incisive patents, described substantially 
the same device, and organized it in a practical manner to furnish 
power from an alternating-current source; yet, several years 
elapsed and enormous sums of money were spent by the Westing- 
house and other manufacturing companies in attempts to make 
the motor start from rest with a satisfactorily strong torque. 

In 1888 I devised another type of motor also employing phase 
differing currents, and known as the transformer motor, 
but arranged so as not to produce a resultant moving or magnetic 
field. This motor was put upon the market by the Stanley 
Company, of Pittsfield, together with the “ inductor alternator ”’ 
to generate the phase differing currents. My associates were 
Messrs. John F. Kelly and C. C. Chesney, both well known 
in the alternating-current art ; and together we solved the problem 
of designing the motor with such electrical constants as to 
develop a maximum torque at starting. 

So far as I know, the first transmission of power for indus- 
trial purposes by means of phase differing currents was under- 
taken by the Stanley Company at the village of Housatonic, four 
miles north of Great Barrington, where power was conveyed from 
a waterfall over about a mile circuit to the Monument Mills. This 
plant is still in successful operation. The inductor alternator 
is still rotating and furnishing power, although during the last 
year a number of the old transformer-motors have been displaced 
by those of more modern type. 

It is to be noted, however, that power was transmitted over 
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long distances in Europe, especially by Dobrovolski and C. E. L. 
Brown at the Frankfort Exposition, before this plant was. 
installed. 

Fig. 8 shows one of the inductor alternators employed for 
transmission work by the Stanley Company. This machine was 
originally designed in 1887, when models were built at the Great 
Barrington laboratory. In 1888, with Mr. Frederick Darlington, 
the well-known traction engineer, I developed a type of alternator 
for the production of currents of constant volume under varying 
conditions of electromotive force. All alternating machines so 


far produced had been made for the purpose of supplying electric- 
ity at constant potential. The present machine contained no regu- 
lating mechanism whatsoever, but depended for its regulating 
power upon the proportioning of the fluxes in the two elements, 
field and rotor. 

This alternator performed in a very remarkable manner. 
When driven by an engine without a governor, or by any 
variable-speed source of power, and when connected to a series 
of are lamps (50, for example) it could be instantly short- 
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circuited without changing the value of the current in its coils 
and with a proportionate decrease in the power applied to it; 
that is to say, it furnished an approximately constant value of 
current irrespective of the speed of rotation’ above a certain 
minimum, resistance, and inductance, in circuit. It was amusing 
to see an engine run away when the machine was short-circuited 
without increasing the potential or current generated. These 
machines were installed in New York City and other places to 
furnish current for arc-light service; but this service, owing to 
the imperfections in the arc lamps employed, did not prove 
satisfactory, 

In 1890 or 1891 the maximum potential employed for dis- 
tributing electricity by alternate currents was, I believe, about 
2,000 volts. Happening to be in Canada at that time, I was 
asked to advise the Quebec Lighting Company how they had best 
expand their plant, which was operated from the Falls of Mont- 
morency, about six or seven miles northeast of the city. After 
looking the subject over, I concluded to install machines at the 
falls that would generate alternating currents at 5,000 volts 
potential. This was done, and was the first step towards increas- 
ing the transmission voltage, 

At that time the largest transformers made were 4o-light 
capacity. The engineer of the Westinghouse Company lent the 
authority of his position to the generally-accepted belief that 
transformers larger than 2-kilowatts would not be economical, 
and wrote an elaborate paper to substantiate his position, For 
more than a year we had been operating at Pittsfield transformers 
of over 200 lights capacity, or about 10-kilowatt size. So when 
we offered them to the public we were met by the authoritative 
assertion of the Westinghouse Company that they must neces- 
sarily be inefficient. A few tests by their engineers, however, 
convinced them that their mathematics were incorrect, and large 
transformers began to be produced by several makers. 

It is interesting to note the growth and size of the trans- 
formers employed in transmission work since 1885, and the 
growth of the potential employed in distributing electrical 
energy. Figs. 9 and 10 illustrate these two factors. 

At about this time, namely, in 1892, Messrs. Kelly, Chesney, 
and myself, all of whom were most busily engaged on the solu- 
tion of many problems that I cannot burden you with this evening, 
determined to find out at Pittsfield if there were any limits in 
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sight to the use of higher potentials for line distribution than 
were generally employed. ‘To this end, we erected a pole line on 
the farm of Mr. Charles Atwater, then president of the Stanley 
Company, built a shanty, or transformer house, and set up some 
transformers, which increased the potential of the town circuit 
from 1,000 to 15,000 volts, connected the line to this high poten- 
tial supply, conveyed the current around the farm and back 
to the same transformer house, and then transformed it down 
to 1,000 and again to 100 volts to operate banks of lamps that 
represented our distribution load. This system was operated 
during a Berkshire winter for the purpose of finding out if the 
insulators would stand the strain imposed about them. As the 
result of this work Messrs. Chesney and Kelly, in the following 
year, advocated the first real high transmission voltages that were 


FIG. 9. 


(go? 


employed in this country, increasing them from 15,000 to 25,000, 
next to 30,000, and, finally, to 60,000 volts ; and under their direc- 
tion the famous Blue Lakes plant of California was constructed, 
whose generating station produced alternating currents at 60,000 
volts pressure and conveyed them over a maximum distance of 
240 miles, 

Engineers of this country owe an enormous debt of gratitude 
to the courage of these two men, who, in spite of the opposition 
of strong financial interests, yet boldly prophesied and success- 
fully introduced the use of very high potentials for the distribu- 
tion of electricity over long distances. 

The Blue Lakes plant was but the first of dozens of other 
plants of a similar character that have been installed and that 
are now taken as a matter of common engineering experience. 
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It is to be remembered that four or five such plants could suppl, 
a belt of country from the Atlantic to the Pacific 500 miles wide, 
furnish electricity to move all the mechanical appliances, includ- 
ing traction service, and, further, light every community that lay 
in their path. Indeed, it seems very likely to me that in the not 
far future, after we have determined how far it is best to entrust 
our public service to the community at large, the State will run 
electrical highways throughout the land for the purpose of placing 
electricity in the hands of the public at a very reasonable price. 
I have seen the estimates of a distinguished engineer that clearly 
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prove to me that the entire State of Illinois can be supplied with 
electricity from three interlinked stations, and that these stations 
would not only supply the State of Illinois, but would lap over 
into the neighboring States and cover a territory nearly as large 
on its borders. 

Such, then, is a part of the story of the development and 
growth of the alternating system in this country. It seems a 
long step from the limitations of 1884 and 1885, when the 
maximum area served was approximately sixteen square miles, 
to the present service obtainable from a central source that will 
furnish at equal efficiency an area of 400,000 square miles. Yet 
I presume that the advances of the future, if they are not in the 
same lines that we have followed in the past, will create an equal 
impression in the development of the art until future generations 
will take their supply of electricity in the same manner that they 
take their water and air supply; that is, as a gift of nature. 
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THE ELECTRIFICATION OF MAIN LINE RAILROADS.! 


BY 


WILLIAM J. CLARK, 
New York, 


CERTAIN general characteristics are common to railways of 
every description, but each road has its own peculiar conditions, 
which differ from those of every other. 

Such variations exist not only between different roads, but 
also between parts of the same property; and the larger the 
system, the more pronounced they are. 

The problems presented by these differences in physical, 
financial, and traffic conditions, with their innumerable com- 
binations, are complex. 

How to solve them, so far as it can be done by steam opera- 
tion, is comparatively well understood through long experience. 
Moreover, the limitations of this form of operation tend to 
simplify the methods of its application. 

Electrification presents new possibilities of solution, and 
offers a wider range of operative methods. Which or what com- 
bination thereof should be used requires great engineering skill. 

There are differences in engineering opinion on these fea- 
tures. All agree, however, that the electrification of any rail- 
road should be viewed as a distinctive engineering and financial 
proposition, and that all of the attendant conditions should be 
carefully considered before electrification is decided upon or 
the form of its adoption determined. 

Somewhere, and in some manner, practically every problem 
that may be involved in the electrification of almost every railroad 
has been solved, or at least sufficient experience has been 
obtained to determine the proper solution. 


Presented at joint meeting of the Electrical Section, the Philadelphia 
Section, American Institute of Electrical Engineers, and the American So- 
ciety of Mechanical Engineers, held Thursday, March: 7, 1912. 
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It is impossible to set forth all of this experience or give 
much of its detail in a paper of this character. 

Descriptions of nearly all the important electrifications of 
steam railroads have been printed by the technical press. Numer- 
ous papers of similar purport have been read before scientific and 
other bodies, and a few statistics of costs and results from 
operation have been made public. 

It is desired to avoid mere repetition of the same so far as 
possible. 

The experience secured with any particular installation, as 
already indicated, cannot be advantageously duplicated in its 
entirety elsewhere. 

Nevertheless, each of its distinctive features, wherever ob- 
tained, has its value in determining the advisability of further 
railway electrifications and what their proper forms should be. 

Consequently this paper will attempt to state only in a gen- 
eral way some of the things that electric traction has accom- 
plished, and the bearing which these have upon the electrification 
of main line and other railroads. 

The coming electrification of main line railroads is prin- 
cipally dependent upon the percentage of net earnings secured 
to the capital investment therein, without regard to attractive 
features, excepting as they develop passenger traffic, or so 
facilitate freight movement and delivery as to increase its 
volume and consequent earnings. 

So far as railroad electrification has progressed, it has shown 
that the closer it approaches the form of what is considered to 
be main line operation the more successful it is. 

3ut just what a main line railroad and its service was, now 
is, or will be in the future is difficult to definitely determine. 

The extent, character of service, and possibilities of steam 
railroads, in their earlier years, were vastly different from those 
of the present. 

A glimpse of these conditions is afforded by the following 
extracts from the writings of Ezra C. Seaman, an economist of 
sixty-five years ago. 

Referring to American and European steam railroads, he 
states: “ Their profits are mostly derived from the transporta- 
tion of passengers, carrying of mails, and tolls on valuable mer- 
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chandise. But a small portion of it comes from tolls on raw 
materials and products of agriculture.” 

“They should follow population and business and not at- 
tempt to penetrate the wilderness in advance of them.” 

Again: “The greater part of agricultural products are so 
cheap in proportion to their weight and bulk that very few, if 
any, railroads can yield much profit if their principal income 
is derived from the transportation of such articles.” 

The same writer fixes the minimum market value of two 
cents per pound upon commodities as a figure below which their 
transportation by railroad would not be warranted. 

He shows that in 1845 the passenger earnings of the lines 
which now constitute the New York Central system from Albany 
to Buffalo, aggregating 326'% miles of track, were $1,061,255; 
those from freight but $129,094—a very small proportion of 
the total earnings, as should be noted. 

In all probability, from 1845 to 1850, main line service 
would have been considered transportation between the 
terminals of any of the several distinct roads which made up 
the then existing rail connection between Albany and Buffalo. 

The greatest length of track owned by any of these railroad 
companies was only 78 miles. 

Probably the longest distance between the terminals of any 
steam railroad in the United States at that time was about 150 
miles. 

About thirty years ago, a thoroughly conscientious president 
of the New York, New Haven and Hartford system, testified, 
under oath, that the traffic of his system, especially its freight 
business, was, and must always be, local. 

The present idea of a main line railroad is doubtless the 
main stem, at least, of an extensive steam railroad system over 
which through service is operated. 

Yet no matter how long or important such a stem may be, 
through service thereon, in its strictest sense, is limited to the 
longest possible continuous run of a steam locomotive; for, 
while undivided trains proceed over its entire length and be- 
yond, the locomotives which haul them do not. 

Looking well to the future, it is within the bounds of 
possibility that ultimately nothing short of the through opera- 
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tion of undivided train units, including locomotives, from coast 
to coast, or from the Lakes to the Gulf, may be considered main 
line or through service. 

Possibly this same general theory may take another form; 
such, for instance, as the nucleus of an extensive multiple unit 
train, starting for a long continuous run and alternately picking 
up additional cars or dropping them at stations or branch line 
junctions without stopping. 

Automatically-operated freight railways may also appear, 
these to connect great centres of freight traffic creation, such 
as ore beds or coal mines, with shipping points or great cities. 

They would certainly constitute a distinctive type of purel) 
main line railroad, ideal as to moving an enormous tonnage at 
a minimum of expense. 

It is probable that in the very near future the paramount 
reason for the electrification of steam railroads will be to more 
advantageously operate their freight traffic, and the well-recog- 
nized advantages of electric traction in passenger transportation 
will then be considered only as an incidental benefit. 

Within a few years the'motor vehicle may transport upon 
the highways, for equal or longer distances, a goodly portion 
of what is now considered to be main line freight traffic. 

Relative to this phase of possible development, a_ report 
made to the Association of Edison Illuminating Companies in 
September, 1911, by a Committee on Electrical Vehicles, states: 
“Tt is a fact that sixteen times as much freight was hauled on 
roadways as on railroads; that is to say, the tonnage of trackless 
haulage in this country is sixteen times that of track haulage.” 

There is no question but that the development and adoption 
of electric traction upon rails, of electrical and mechanical 
methods for handling commodities at terminals and warehouses, 
and of the motor vehicle, will together work radical changes in 
freight handling and transportation from the points of its origin 
to that of its ultimate delivery. In addition, it will greatly 
reduce the expense of transportation and incidentally modify 
ideas as to what through or main line traffic is. 

But, returning to better established conditions, the constant 
tendency in steam railroad operation has been, and still is, toward 
larger units on every feature incident to locomotives, cars, and 
trains. 
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Electric railway operation has developed two distinctive 
operative forms: one the highly efficient small unit, adaptable 
to a very wide range and character of service; the other the 
most powerful locomotives that can be produced. 

The experience obtained with the first has been of immense 
value in the production of the other, and is equally so in 
determining the future possibilities of steam railroad electrifica- 
tion and operation. 

A brief outline of what has been accomplished by and with 
the small units is of interest, hence what follows: 

American railway statistics have always ignored mining and 
nearly all other forms of industrial railways. Nevertheless, 
systems of this character have been an important factor in 
freight transportation for many years. 

The first electric mining locomotive in this country began 
its operations in 1887, but the introduction of electric traction 
on a commercial scale in the mining field commenced in 1889 
or 1890. 

At least two electric locomotives then placed in operation 
are known still to be in daily use. 

There are at present over 10,000 electric locomotives oper- 
ated in this country upon railways of the general character 
stated. They range in capacity from a few horsepower each 
to the equivalent of that possessed by steam freight locomotives 
employed in main line service. 

Their number is increasing at the rate of nearly 1,000 per 
annum. 

The total tonnage now hauled by these electric locomotives 
probably amounts to over one-third of the entire freight tonnage 
of all American steam railroads. The length of haul, however, 
is comparatively short. 

Despite this last-mentioned condition and the small capacity 
of the locomotives and cars principally employed in such service, 
many instances exist where the cost of such haulage per ton 
mile approximates the low figure of one cent, including main- 
tenance and depreciation. 

Results from the electrical operation of mining and industrial 
railways have shown that the investment therein is fully war- 
ranted, and incidentally has taught a fundamental lesson that 
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apples with equal force to the electrification of main line and 
other railroads; 1.e., that the standards by which the investment 
therein should be gauged are those of net efficiency and the 
greater flexibility provided, not the comparative price of steam 
locomotives by weight. 

Among the class of railways now under discussion should 
perhaps be included a comparatively new and distinctive type 
of electric main line railroad—that designed for towage on 
canals. 

Various experiments of this nature have been made in this 
country, and a few comparatively small installations are operated 
in Europe. 

That designed by Col. Edward Schildhauer for the towing 
of vessels through locks of the Panama Canal is the most ex- 
tensive and original that has yet been undertaken. Forty large 
electric locomotives and other essentials to operation have already 
been contracted for. 

As the vessels will be towed at the rate of only two miles 
per hour, a natural query may be, What has such a service in 
common with the electrical operation of a main line railroad? 

The answer is: Securing, at least, the advantages of such 
an accuracy and reliability of control, in moving enormous 
weights, as could not be obtained by mechanical means. 

Turning now to forms of railways that are officially recog- 
nized by American National and State authorities: 

Their general classification has never been absolutely cor- 
rect, and the difficulty of avoiding incongruities therein has 
greatly increased during recent years, which also affects the 
determination of what main line roads are. 

The following grand divisions have, however, been officially 
established and are usually adhered to by National and State 
authorities in this country: 

‘ Railroads,” which signifies steam railroads. 

“ Street Railways,” changed in recent years to read “ Street 
and Electrical Railways.” 

Simple as such classification would seemingly have been 
twenty-five years ago, there were even then over 700 miles of 
steam-operated track included in the enumeration of street rail- 
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Some of this was located upon its own right of way, and a 
small quantity of freight was transported thereon. 

Certain of this same trackage was owned or controlled by 
steam railroad companies, and virtually constituted parts of their 
systems. 

Steam locomotives and dummies to above 600 in number 
have been superseded by electric traction upon lines of this 
character formerly operated by steam, and in every instance 
better net financial returns have resulted. 

The following changes have come in the general character 
and extent of so-called street railways since the census of 1890: 

There were then 5,661 miles of horse railway track. In 
1907 only 136 miles remained. 

In 1890, cable operated, 488 miles. In 1907, only 62 miles. 

In 1890 the trackage of surface electric lines was 1,262 
miles. In 1907 it had increased to 33,983 miles, and is now 
above 41,000 miles. 

In 1890 there were 569 miles of steam-operated surface 
lines. In 1907 this had decreased to 62 miles. 

In 1890 the total trackage of elevated railways was about 
152 miles, all steam operated. In 1907 there were 420 miles of 
elevated and subway track, all electrically operated, and this 
total is now above 500 miles. 

These changes, so briefly stated, only partially indicate the 
difficulties in reaching a determination, from official classifica- 
tions, as to what a railroad, main line road, or street railway 
may be. 

There are 8 roads designated as railroads in the United 
States which have but 1 mile of track each; 19 with but 2 miles; 
25 with 3 miles; 16 with 4 miles; 40 with 5 miles; 18 with 6 
miles; 35 with 7 miles; 29 with between 7 and 8 miles. 

Among a total of approximately 125 well-defined types of 
interurban electric railways, the smallest trackage reported by 
any is one with 17 miles and another with 20. All the rest have 
30 miles or over, and several of the larger systems operate from 
200 to 450 miles, respectively. 


Approximately 18 railroads have their electric sections or | 


divisions. 
Ten other railroad properties operate what is considered to 


be a mixed steam and electric service. 
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Large railroad systems own or control several thousand 
miles of street and interurban electric railways. 

In about thirty instances electric railways have leased, and 
electrically operate, portions of steam railroad systems. 

Electric railways have thus invaded and expanded the trans- 
portation field which main line and other steam railroads alone 
occupied in the past, as is evidenced by what follows: 

They operate both freight and passenger trains in regular 
service, weighing as high as 500 to 600 tons each. 

The proportion of freight rolling stock to passenger equip- 
ment on some is greater than that of many so-called steam rail- 
roads, and their traffic is of a corresponding character. 

One in the Far West has a badly overcrowded freight ter- 
minal, with a capacity of 1,800 cars, and is now constructing 
another to care for an additional 3,500 freight cars. 

Similar conditions, differing only in extent, exist in con- 
nection with a large number of other systems. 

About one-third of the total trackage of all these railways 
is located upon its own right of way. 

The average weight of rail is probably heavier than that 
laid by the steam railroads, and it is said that nearly the same 
proportion of track is equipped with block signals as on the 
railroads. 

Longer unbroken trips in the same cars can be made than 
was possible upon any steam railroad in the United States a few 
decades ago, or now is upon many. 

Connecting lines and cars make continuous trolley rides 
possible for many hundreds of miles. 

Through bills of lading on freight are issued by numerous 
roads. 

Several of these operate express passenger train service, for 
long distances, at higher speeds than do competing steam rail- 
roads to the same points. 

Chair, dining, and sleeping cars are found among the rolling 
stock of these roads. 

A number have imposing passenger stations in the hearts o/ 
large cities, as well as modern local stations. 

Most of the power-equipped rolling stock of the electric rail- 
ways, however, consists of motor cars; yet, viewed from an 
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operative stand-point, and not by the form of its superstructure, 
every electric motor car is a locomotive which can be operated 
alone or with trailers, and in trains intermixed with other 
motor cars and those not so equipped. 

Out of a total of above 75,000 of these motor cars operated 
by American electric railways, at least 20,000 can exert a greater 
tractive effort than an equal number of steam locomotives that 
are in railroad service. 

Most of these high-powered cars have M. C. B. couplers and 
Standard air brake equipment. 

Some other features and problems of importance in modern 
railroad operation have also been worked out by the electric rail- 
ways which place them in advance of the railroads. 

For instance, it is an almost forgotten fact that the para- 
mount reason for the original introduction of electric traction 
on surface railways was to operate lines located over heavy 
grades, where the great cost of cable construction, equipment, 
and operation was prohibitive. 

The following tabulation confirms this statement : 


Number of electric roads 

reporting their ruling Maximum per 
gradients in 1890. cent. of grade. 
I with 

2 with from 

3 with from 10 to 12 
66 with from 

42 with maximum of 5 or under 


lf the writer’s memory is correct, there was not one of these 
last mentioned but which had maximum grades of well above two 
per cent. 

As thus shown, it was early recognized in electric railway 
practice that it was wiser to make capital investment for elec- 
trification than to incur still heavier expenditures for so reducing 
ruling gradients as to permit operation by steam or some other 
motive power. 

Strange to say, the value of this practice is not yet thoroughly 
grasped by all railroad financiers, managers, and engineers. 

Within the past few months, however, two surveys of a 
proposed railroad, about 160 miles long, located through a 
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rough mountainous region, have been made: one to grades that 
would permit of steam operation; the other to those which can 
be easily and economically operated by electricity. 

The saving on capital investment, estimated by the locating 
engineers on only 614 miles of this proposed line, is more than 
sufficient to offset the cost of electrifying the entire 160 miles. 
Their estimates on the expenses of electrical operation were also 
less than those for steam. 

Many millions of dollars have been expended by railroads 
to reduce ruling gradients, especially upon their main lines, and 
enormous expenditures for the same purpose are contemplated. 

Needless to remark that when such conditions are to be met 
the adoption of the practice outlined would, in almost every 
instance, greatly improve the net financial results secured from 
main line railroad operation and better the service thereon, 

Another fundamental discovery made by the electric railway 
is that the first essential to be considered in railway electrifica- 
tion is the source and cost of its current supply. 

Experience obtained in the operation of electric railways, 
central stations, and hydro-electric plants demonstrates that the 
more thoroughly current produced in any electric power station 
or set of stations is diversified in the forms of its utilization, the 
cheaper it can be generated and the less will be the cost to the 
user. 

Recognizing this fact, many electric railways have con- 
solidated with power-producing companies, or are furnishing 
electrical current for all kinds of purposes. 

The perfection of such methods for power generation and 
utilization has been attained by Mr. Samuel Insull, of Chicago. 

Taking a leaf from his book: A large railroad has planned 
to furnish current to others for lighting and industrial purposes, 
the net revenue from which will be more than sufficient to offset 
the entire operating expense of its generating stations, which 
were primarily intended for railroad operation only. 

An incidental benefit arises from the fact that cheap electric 
power, where it is available, encourages the location and ex- 
pansion of industries, and consequently increases railway traffic. 

Electric roads have also shown how to utilize in a profitable 
way every foot of expensive real estate required for city terminals 
and passenger stations. 


ELECTRIFICATION OF LINE RAILRoaps. 591 


That their example in this respect has been followed else- 
where is illustrated at the New Grand Central Terminal and 
the McAdoo Terminal Buildings in New York City. 

Electric railways have demonstrated lower maintenance costs 
on buildings, machinery, and rolling stock than has ever been 
heard of in steam operation, 

They have shown how to obtain more revenue service out of 
the same amounts of transportation wages, and have eliminated 
widely-distributed sources of water and fuel supply. They have 
also proven their ability to operate the same weight of trains 
in the coldest weather with the same tractive units. 

They have made it possible to avoid the haulage of un- 
necessary dead weight. 

They attain higher rates of acceleration in ordinary service 
than can be secured with steam under any conditions, and have 
proved the now universally conceded fact that electrical opera- 
tion is far more reliable than steam, and reduces the number 
and length of service delays. 

Before discussing their financial conditions, the following 
illustration of a phase of past conditions should be given, because 
it is analogous to one of the present: 


Cable Early electric Years when opened 
railways. railways. for traffic. 
1877 
1878 
1879 


lune 


1 First six months. 


As is thus made apparent, the great majority of cable in- 
stallations were undertaken after the possibilities of electric 
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traction were realized, and continued after they had been demon- 
strated as facts. 

A similar attitude is now assured by certain “ railroads ” 
which purchase expensive steam locomotives of unusual type to 
meet traffic requirements on high grades, or expend many 
millions of dollars upon terminals and stations designed for 
steam operation only. 

Now turning to the financial side of the situation: The 
shuwing of street and electric railways in statistical averages of 
capitalization, and its earnings, has been affected by causes other 
than electrification, per se, some of which should be stated. 

Prior to the introduction of electric traction the capitaliza- 
tion of all forms of street railways was much above their officially 
reported costs. 

The sale and resale of many city properties since then, and 
their frequent consolidations, have enormously increased their 
capital accounts. 

The Census Report of 1890 states that “the greater part of 
the electric roads are either suburban or serve the people of 
comparatively small cities.” 

Their road-beds were then light, and but little paving ex- 
pense had been involved, although it has since become one of 
the largest items that go to make up the total cost of electric 
railway construction in cities. 

The rolling stock principally consisted of electrified horse- 
cars or their equivalent, long since superseded. 

Since that period, constant advancement in the art has caused 
frequent increases in size, weight, and motor capacity of cars, 
and the abandonment of existing types, to be superseded by 
others. Similar experience has also been had with every other 
essential required to secure improved electrical operation. 

The early state of the art, and failure then to appreciate the 
future growth and requirements of traffic, are accountable for 
the original investment in things that have been discarded. Public 
demand for better transportation facilities, however, is respon- 
sible for the scrapping of what that investment represented and 
the increase in capitalization which necessarily followed. 

Nevertheless, it has been proven that it is advisable, in elec- 
trical transportation, to set aside present plant in which there 
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is a large investment and make a further large initial expenditure, 
to provide entirely new equipment, in order to obtain larger 
earnings from operation. 

As affecting earnings, it should be stated that, from the 
first, railroads have most properly proportioned their transporta- 
tion charges to the services rendered, basing them upon passenger 
and ton mile rates. 

Against this, street and electric railways, excepting the in- 
terurbans, have adhered, and do adhere, to a flat passenger rate, 
no matter what the length of passenger ride may be. 

As the average length of rides has doubled within twenty 
years, it is obvious that this method has seriously affected their 
net earnings. 

The average fare received per passenger in 1890 on surface 
street railways, in accordance with their method of operation, 
was, approximately : 


This averaged 4.3 cents on all surface electric roads in 1907. 
The approximate capitalization per mile of track, and net 
earnings from operation thereon in 1890, were as follows: 


Percentage of net 


Capitalization 
i earnings on 


per mile of 


track. capitalization. 


In 1907 the average capitalization per mile of track of 
all surface electric railways was $95,770. The percentage of 
net earnings on the capitalization was 4.72. 

The creation of traffic through the attraction of electrical 
operation, coupled with its net economy, is, of course, respon- 
sible for this last result. 

One feature of this is made apparent by showing the aver- 
age number of passengers annually carried per car. In 1890 
this was: 
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In 1907 this averaged, for all surface electric railways, 
135,570. 

Another feature is the increased annual mileage per passenger 
car. In 1890 this was: 


In 1907 the average mileage per passenger car was 24,084. 

Although this last is the average of a total service, prin- 
cipally operated through city streets, it is approximately 20 per 
cent. higher than the revenue miles of steam freight locomotives 
on the railroads, and about 60 per cent. of the similar per- 
formance of steam passenger locomotives. 

For comparison on this feature it should be stated that the 
annual revenue mileage of steam passenger locomotives in- 
creased from 30,721 miles in 1890 to 39,923 in 1907; but the 
similar performance of steam freight locomotives decreased dur- 
ing this period from 25,465 to 20,121 miles, 

The earnings from the transportation of freight, mail, and 
express by the street and electric railways grew from a few 
thousand dollars in 1890 to about $7,500,000 in 1907, and it is 
said that the total of these earnings in I911 was over $15,000,000. 

The one distinctive type of properties enumerated among 
street and electric railways whose progress can be most accurately 
traced between 1890 and 1907, and afterward, is the elevated 
roads. All of these were operated by steam in 1890, as were 
others which came into existence afterward. In the census of 
1907 the operations of subway railroads were included with 
those of the elevated lines. 

The average fare received per passenger on all elevated rail- 
roads in 1890 was 5.02 cents. Upon all elevated and subway 
roads in 1907 the corresponding figure was 4.93 cents. In 1890 
the average capitalization per mile of track of all elevated roads 
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was $561,124, and the net earnings from operation average 5.5 
per cent, thereon. 

In 1907 the similar capitalization of elevated and subway 
railways was $639,668, and the average percentage of net earn- 
ings from operation on this amount was 7.03. 

The financial betterments which have come to this class of 
properties through electrification are more clearly illustrated by 
giving brief glimpses of what has occurred on certain individual 
properties of this character. 

According to the report of the New York Railroad Com- 
missioners in 1890, the capitalization per mile of track of the 
properties constituting the Manhattan Elevated System of New 
York averaged $663,318, and the percentage of net earnings 
from operation on capitalization was 7.2, the total earnings 
being $4,448,477... The system then carried 189,974,848 pas- 
sengers. 

In 1901, just prior to electrification, the Railroad Com- 
missioners’ Report states the similar capitalization as $800,162, 
and the percentage of net earnings from operation thereon, 4.8, 
the total of such earnings being $4,163,658. The total number 
of passengers carried was 190,045,741. 

In 1904, after the first year of full electrical operation, the 
report of the Railroad Commissioners does not clearly state the 
amount of capitalization, but it does show that the percentage 
of operating expenses to earnings from operation had decreased 
from 55.79 in 1901 to 41.2 in 1904, and that during the same 
period the net annual earnings from operation increased from 
$4,163,658 to $8,683,139. The number of passengers then car- 
ried was 286,634,195. 

The annual report of the Interborough Rapid Transit Com- 
pany for the year ending June 30, IgII, gives the percentage 
of operating expense to earnings from operation in that year, on 
the Manhattan System, as 41.8, and the total net earnings from 
operation, $8,974,617. The total number of passengers carried 
was 301,449,292. 

In this connection it should be remembered that since 1904 
the company which now operates the Manhattan System has 
developed the competing subway system, which in the year end- 
ing June 30, 1911, carried 276,704,796 passengers and earned 
net from operation, $8,423,553. 
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The report of the New York Railroad Commission in 1890 
gives the average capitalization per mile of track on all of the 
elevated railroads in Brooklyn as $434,905. Their total net 
earnings from operation were $802,416, which average 2.2 per 
cent. upon their total capitalization. The total number of pas- 
sengers then carried was 45,207,410. 

The report of the commission for 1898, issued shortly before 
the electrification of these properties, showed their capitaliza- 
tion to average $612,535 per mile of track, and their total net 
earnings from operation as $625,228, which averaged 1.4 per 
cent. upon their total capitalization. They then carried 44,170,- 
SIO passengers. 

Owing to the reorganization, leasing, etc., which have oc- 
curred in connection with these properties, the writer is unable 
to state their capitalization from public records since that time, 
but the report of the Public Service Commission for 1909 shows 
that their net earnings from operation had increased to $2,248,- 
509 and the total number of passengers carried to 146,950,607. 

The elevated railroads in Chicago have shown equally re- 
markable results from their electrification. 

The net annual earnings of the South Side Elevated, imme- 
diately before its electrification, were but $133,029. Immedi- 
ately thereafter these increased to $500,448. In 1910 these were 
$803,978, or 4.4 per cent. on the total capitalization. 

On the Lake Street Elevated, the predecessor of the present 
Chicago and Oak Park System, in 1895, when it was operated 
by steam, 9,936,450 passengers were carried. In 1904, when 
operated by electricity, it carried 16,205,328. Operating ex- 
penses had also decreased 8.2 per cent. during this period. 

Referring more directly to the electrification of “ railroads 
—so termed: Electric railways have assumed their functions 
more rapidly and to a greater extent than main line or other 
railroads have been electrified. 

A long list of former steam roads and branches that are 
now electrically operated could be given, but the greater portion 
of these are less entitled to qualify as main line railroads than 
a very large number of the so-termed electric railways. 

The larger electrification projects of American steam rail- 
roads that required especial mention are these: 
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It is regretted that but few comprehensive figures are avail- 
able upon the financial results secured from any of these elec- 
trifications, but the following is an indication of what is being 
accomplished in connection therewith: 


NEW YORK, NEW HAVEN AND HARTFORD RAILROAD. 


New York to Stamford: 

That electric operation has been found satisfactory from a 
financial stand-point is best evidenced by the decision of the com- 
pany’s President and Board to undertake extensions of electric 
service, not only on their main line, but elsewhere. Their imme- 
diate plans in this regard are broad and far-reaching. 


NEW YORK CENTRAL AND HUDSON RIVER RAILROAD. 


Grand Central Station: 

This installation is not fully completed, in accordance with 
the original plans, which fact has naturally prevented the results 
from operation appearing quite so favorable as they will 
ultimately be. 

Since the electrical service was inaugurated, five years ago, 
it has been operated under probably the most harassing and 
perplexing experiences, from exterior causes, that have ever 
occurred in handling one of the most dense train movements in 
existence. This because of the rapid and constant construction 
changes at the Grand Central Terminal. 

Track locations and grades have been shifted many times in 
a single year, which have necessitated corresponding changes in 
the location of transmission cables, working electrical conductors, 
signalling apparatus, etc. 

Despite these conditions, the reliability of train service has 
constantly improved, and at all times has been superior to the 
previous steam service in that respect. 

Such a combined triumph of construction, engineering and 
skillful terminal management has rarely, if ever, been seen. 

No figures showing operative results have been made public 
since those given in a paper by Mr. W. J. Wilgus in March, 


1908. 
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It is understood, however, that considerable improvement has 
since occurred on all phases of operation. 

Mr. Wilgus states the respective annual costs of service avail- 
able from each steam and electric locomotive, including interest 
on their cost, depreciation, repairs, inspection, and handling, to 
be; For steam, $4,460.50; electric $3,679.00; annual saving of 
electric over steam, $781.50, or 19 per cent. 

He summarizes the advantages of electric locomotive opera- 
tion as follows: 

IQ per cent, saving in locomotive repairs and fixed charges, 
the effect of which has already been shown. 

18 per cent. saving in dead time for repairs and inspection. 

25 per cent. greater daily ton mileage. 

6 per cent. saving in locomotive ton mileage in hauling ser- 
vice. 

II per cent. saving locomotive ton mileage in switching 
service. 

16 per cent. saving in locomotive ton mileage in road service. 

12 per cent. net saving in cost of hauling service. 

21 per cent. net saving in cost of switching service. 

Mr. Wilgus has thus furnished a basis for calculation upon 
what can be expected from the substitution of electric for steam 
locomotives on a large scale which, if followed to a logical con- 
clusion, gives startling figures upon attainable economies, im- 
provement in service, and net financial results in heavy railroad 
operation. 

It is to be regretted that he did not give much information 
upon the results secured from the operation of multiple unit 
cars. If, however, they are proportionate to those secured by 
the Long Island Railroad from multiple unit operation in like 
suburban service, the net financial gain therefrom would alone 
justify a large part of the New York Central’s total expenditures 
for electrification. 


PENNSYLVANIA RAILROAD. 


West Jersey and Seashore: 

Mr. B. F. Wood, in an admirable paper of last August, 
states the total cost of its electrification to be $8,130,229, and 
that in 1910 4,552,532 car miles were run at an average cost of 
18.19 cents. 
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Mr. George Gibbs, in another paper, states that the average 
cost per car mile for steam service on this road was 22.3 cents, 
consequently a saving in favor of electricity is shown of 4.11 
cents per car mile, giving a total of $187,109 saving in this 
regard. This, however, is not the whole story, for traffic in- 
creased enormously as a result of electrification. It is said that 
prior thereto the net earnings from operation were practically 
nil, while the net earnings in 1910 were about $700,000. 


Long Island Railroad: 

Mr. Ralph Peters, president of this company, in his annual 
report for 1910, states: “ The results obtained from the opera- 
tion of your electrified lines continue satisfactory, both from the 
standpoint of economy and increased business.”’ 

In a discussion before the New York Railroad Club on 
March 19, 1911, Mr. James McCrea, general superintendent, 
strongly confirmed the above statement in detail. 

Mr. George Gibbs, in his paper presented before the Inter- 
national Railway Congress in I910, gives much of interest con- 
cerning the results secured from the electrification of the Long 
Island Railroad. 

He says that in 1908 the total operating expenses per car 
mile average 17.8 cents, against a cost of 27.95 cents by steam, 
demonstrating a saving of 10.15 cents per car mile by electricity. 
The total electric car mileage is given as 4,662,230. 

It will be noted that the consequent saving from operating 
this mileage electrically was $473,216. 


Pennsylvania Railroad: 
Mr. George Gibbs, in another paper, presented before the 
American Society of Civil Engineers, May, 1911, states: 


The Pennsylvania began operating trains to and from the station on 
November 27, I910, and in the first ten months of operation the average 
number of train movements in and out of the station each day, including 
Long Island Railroad trains, was 430. The average number of locomotive 
movements per day was 290. The number of passengers carried by Penn- 
sylvania Railroad trains was 31 per cent. greater at the end of the ten 
months than during the first month after operation was begun. The in- 
crease in number of passengers carried on Long Island Railroad trains was 
92 per cent. During the past seven months the passenger receipts of the 
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Long Island Railroad have increased 161 per cent. There have been no 
delays whatever to trains by reason of failures of the power supply in the 
power-house or in the transmission system. There have been only three 
delays caused by current being off of one or more sections of the third 
rail. During the same period there have been only four locomotive failures 
causing delays to trains. The electric locomotives ran 189,000 miles per 
failure, and the miles run per minute of train detention due to locomotive 
failures were 75,000. 


The principal reasons why much more electrification of main 
lines and other railroads has not been accomplished in this 
country are generally considered to be these: 

First. That as a result of political agitation the railroads 
for several years have been so harassed by National and State 
authorities as to make it difficult for them to raise additional 
capital required for electrification or any other important better- 
ments, 

Second. The “battle of the electrical systems’? which has 
raged among electrical engineers, 

Third. Past traditions and conservatism prevailing in rail- 
road circles. 

That the first is paramount to the others is indicated by 
what immediately follows: 

Such governmental attacks upon the railroads are unknown 
in other countries. 

The “battle of the systems” now rages there even more 
fiercely than here. 

American railroad men are universally conceded to be the 
most progressive in the world. 

The United States has outstripped all other countries com- 
bined in the development of local and interurban electric rail- 
ways. 

Yet more electrification of main line and other railroads has 
been accomplished and is in progress abroad than here. The 
principal cause is therefore obvious. 

Time and space are not now available in which to describe 
the progress of railroad electrification in other countries at 
great length, but it is briefly as follows: 

Several important projects of this character are about to 
be undertaken in Canada. 

In Cuba the Havana Central Railroad, a system with 73 

Vor. CLXXIII, No. 1038—44. 


ite 
he 
ig 
hee 


602 WILLIAM J. CLARK. 


miles of track, operates twenty-five large motor cars and ten 
50-ton electric locomotives. 

It is doubtful if any railroad of the same length and similar 
surroundings in this country enjoys so heavy and profitable 
freight and passenger traffic. 

It probably affords the first instance in the world where a 
full-fledged standard railroad was designed and constructed, from 
the ground up, for electrical operation. 

Decision to adopt this course, instead of constructing a steam 
railroad, was determined by the cost of establishing and operat- 
ing water stations for steam locomotives, with their expensive 
upkeep and high cost of locomotive maintenance that would be 
occasioned by the corrosive action of the only water available. 

Subsequent experience has demonstrated that all other 
features of operating expense were much below the original 
estimates thereon, and that the greater flexibility of service 
afforded by electric traction has developed freight and pas- 
senger traffic far above expectation. 

In conservative Great Britain, the experiences with electrifica- 
tion of tramways, and on local lines at London and elsewhere 
with a service similar to our subways and elevateds, have been 
equally favorable to that secured in this country. 

The most important railroad electrifications there are those 
of the North Eastern, radiating from Newcastle-on-Tyne; the 
Liverpool and Southport Division of the Lancashire and York- 
shire; and local lines of the London, Brighton and South Coast, 
closely adjacent to London. 

The managements of all three of these properties have re- 
peatedly made public announcement to the effect that the financial 
results from their operation were most satisfactory. 

Although the comparative capitalization of British railroads 
is much higher than that of American roads, nearly all of the 
larger British systems are now seriously contemplating more or 
less extensive electrification. 

Germany has already accomplished much in the same direc- 
tion, the results from which are officially certified to as war- 
ranting the necessary capital expenditure. 

Notably high-speed records have also been made upon Ger- 
man electrified roads. 

France has had conspicuous railroad electrifications for a 
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number of years, the most important being those of the Paris 
and Orleans; Paris, Lyons and Mediterranean, and The Western 
of France, at and in the vicinity of Paris. The results secured 
from the operation of all of these have been officially and fre- 
quently stated to be satisfactory, and it is said that each and 
all of these electrifications will soon be extended. 

The Southern or Madi System, one of the most important 
in France, has already commenced to electrify several hundred 
miles of its trackage. : 

Austria, Sweden, and Norway have undertaken railroad 
electrification, and reports from each and all indicate favorable 
financial results. 

Italy and Switzerland have accomplished still more, with 
equally favorable results. 

Probably these two countries afford the best existent illus- 
trations of strictly main line electrification through operation of 
long tunnels and contiguous service. 

The most important is, perhaps, the Giovi Line, which con- 
stitutes a goodly part of a main transportation artery extending 


from Genoa (the nearest available seaport) to one of the greatest ~ 


and most rapidly growing industrial districts of the world, 
Lombardy. 

The physical conditions of the road are very similar to 
those of certain American transcontinental lines in the moun- 
tainous regions of the Far West, excepting that the tunnels are 
more numerous and located closer together. 

The freight traffic is equally heavy and dense. In the past 
the train movements by steam were as frequent as the ventilation 
of the tunnels would permit. 

The rapidly-increasing traffic necessitated either electrifica- 
tion or the construction of a parallel steam road. The former 
course was adopted because of the enormous expense involved 
in the latter. But it is officially stated that the financial result 
secured from electrical operation has demonstrated that its cost 
was well warranted without regard to the reason which caused 
its adoption. 

This situation is analogous to one in this country where 
it was desired ultimately to increase the train movements on a 
certain mountainous division, and concerning which a lately- 
deceased prominent railroad president tersely remarked that it 
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was either a question of taking two years’ time and expending 
$8,000,000 to electrify the division, or of devoting eight years 
to the construction of a new route for steam, which would cost 
$40,000,000, and then electrify, if it was to be operated 
economically. 

In conclusion, the hope is expressed that this paper has 
demonstrated the following: | 

Conditions of no two railways are identical. 

Electrification of each or all requires careful engineering 
consideration. 

The adoption of electrification is principally dependent upon 
the financial results attainable therefrom. 

It is difficult to exactly define a main line railroad. 

“ Railroading ” is “ railroading,’”’ no matter by what motive 
power it is accomplished. 

The small unit is an important factor in perfecting rail trans- 
portation methods. 

That the comparatively high capitalization of street and elec- 
tric railways is not entirely attributable to electric traction. 

The financial results obtained from electrical operation of all 
kinds and types of railways justify its more general adoption by 
the steam railroads. 

That political and governmental agitation is principally re- 
sponsible for America not having made greater advancement in 
this last-mentioned direction. 


DISCUSSION. 


Mr. Woop: I cannot add anything to what Mr. Clark has 
said; in fact, he has said it all; he wound up by taking away 
all the ammunition I had. There were, however, a few things 
that I may allude to. Mr. Clark gave three principal reasons 
for the electrifieation of railroads, or, rather, why electrification 
has not made more progress than it has done. The first one was 
on account of political influences, and the second, the battle of 
systems. In my opinion, it is more a battle of systems than 
political influences, and T think the retardation of the develop- 
ment of the electrical railway is largely because there was only 
one system; that is, there was only the direct-current system 
at that time. It strikes me it is up to.the electric companies 
to show the steam railroads that they are going to stand back 
of that system. 


( 

€ 

d 

1 

t 

r 

b 

IT 

di 

T 

gl 

in 

m 

lo 

Li 

an 

of 

M 

su 

pa 

an 


ELECTRIFICATION OF MAIN LINE RAILROADs. 605 


Mr. Dartincton: I am like Mr. Wood; I kept running 
through in my mind what I had to say to you if called upon, and 
Mr. Clark has touched upon nearly everything in electric rail- 
roading, and I do not think there are any new features that I can 
talk to you about. 

There are a few points about which I take a little different 
view from Mr. Clark, although, in the main, I agree with what 
he had said to-night. He has ably summarized the broad facts, 
yet some of the summaries are capable of different interpreta- 
tions. For instance, one of his conclusions is that the more 
closely electric railroad practice approaches a form of what is 
considered ‘‘main line operation,”’ the more successful the electric 
practice is. 

This might be construed in a broad sense to give an incorrect 
conclusion if we consider the work now being done by main line 
steam railroads. A great deal of the work now being done by 
electric railroads is trolley road work, and they are doing it in 
a better and different way from the steam roads. A great pro- 
portion of the trolley road mileage is situated in the Middle West, 
in Illinois, Indiana, and Ohio, and go per cent. of it is parallel 
to steam roads, and they are doing local business better than the 
steam roads, and that is one of the sources of profit to electric 
railroads and one of the reasons for their existence. 

Mr. Clark points out one way in which local transportation 
by electric power is advantageous, when he speaks of what the 
motor vehicle may be expected to accomplish. He predicts that 
the time will come when a large part of the local business now 
done by main line railroads will be done by motor vehicles. 
This local business electricity is particularly well fitted to do. 

One very interesting thing Mr. Clark has said which we are 
glad to hear is that engineers on railroad construction are tak- 
ing into consideration the difference between steam and electric 
motive power. The economy of railroad construction for steam 
locomotives has been set forth in many books on “ Railroad 
Location,” but the great difference in the characteristics of steam 
and electric motive power makes a large difference in the economy 
of railroad lIdcation for the two kinds of motive power, and 
Mr. Clark says that six and one-half miles of changed grade, 
suitable for electric road, in one instance under consideration, will 
pay for the entire electrification of 160 miles of steam railroad, 
and that after the road is electrified the operating expenses will 
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be less than for steam operation. That is one of the most inter- 
esting things he has said to-night. 

There is one other matter, and that is the economy of diver- 
sified use of power from a single central station, supplying 
electricity for railroad motive power, for industrial uses, for 
electric lighting, and for all uses of power. There is a large 
economy in this combination, and it is one of the most important 
considerations leading to railroad electrification. 

The importance of centralization of power generation is 
shown by the whole history of the electric business, which started 
with small central stations for lighting and for small motors, and 
then got to large motors, and then to large power plants in 
factories, all served from single stations. A great expense and 
a great source of loss to the originators of this kind of business 
was from obsolescence, the becoming useless of the plants which 
had become too small. The central station business has been 
concentrated in stations of larger size, that are suitable for 
expansion to meet all needs, because large plants are more 
economical than small ones, and better transmission systems have 
been discovered, and made large central plants practical, and 
consequently, obsolescence to-day is not as serious as it was, 
because changes in conditions and need for larger powers do not 
mean that the old plant must be set aside. They simply mean the 
addition of another generating unit. Central power plants are 
meeting the demand of railroad motive power much better 
to-day than a few years ago. Among the different central 
station plants, Mr. Clark has mentioned Chicago, which is an 
ideal example of the modern central station. 

Wherever large central plants exist there is an opportunity 
for the steam locomotive to be replaced with electric engines by 
operating them from these big central stations, and thus getting 
the same advantages of large centralized units of power that are 
now being obtained by factories and mills. 

Reliability: The fear of unreliability has been one of the 
bugbears that railroad men have honestly and seriously consid- 
ered, and it has stood in the way of electrification. With only 
one generating and transmission system to fall back upon, in case 
of failure, they say, “ Our eggs are all in one basket, and if any- 
thing breaks down, we will have to quit.” 

The truth of the matter is, the fear of unreliability is only a 
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bugbear. The reliability of an electric locomotive is much greater 
than steam; it is not affected by cold weather and many other 
troubles that cause frequent delays to steam trains. So far as 
the distribution of electric power is concerned, it is so much 
more reliable than steam engines that failure in transmission is 
hardly worthy of consideration. 

There is one other thing Mr. Clark said which I do not quite 
agree with; that is, the reason why the railroads of foreign 
countries have progressed further than we have in the electrifi- 
cation of their roads. This is a subject that I have considered 
seriously, and I would like to know the answer. It is one of the 
important things for the railroad officials and for the public to 
know. Mr. Clark says electrification of railroads is retarded in 
this country by political agitation. I do not think that is the 
chief reason we are behind European countries in electrification 
of railroads. The truth is, our railroads are growing so rapidly 
in the amount of traffic to be handled, and they are seeking such 
large returns on their capital, that they can not stop for electri- 
fication. It has often been stated, and I believe correctly, that if 
railroads would be satisfied to make 10 or 12 per cent. on their 
capital they could spend money freely to electrify their tracks. 
Now our Legislature is stepping in and our Government is tak- 
ing a paternal interest in our railroads and saying we are going 
to prevent your making too much money, and charging unduly 
high rates for your services, etc., but we are going to allow you 
to make a fair return on the capital invested; we will regulate 
that by adjusting rates. That is, I understand, the attitude of 
the Government. I think that in the end, when this is once fully 
understood, it will make the railroads feel freer and easier in 
going into electrification; that they will be allowed to make a 
fair return on the capital invested, and that will be on a basis of 
8 or 10 per cent., more or less, and if that is so, railroads in the 
United States will be encouraged to go into electrification. 


Mr. J. B. Ktumpr: We have listened to an exceedingly 
interesting and instructive paper presented by Mr. Clark. The 
statistics that he has presented to the Institute and the two 
societies contain much information that is valuable, and, while 
we cannot absorb the figures as they were read, they will make 
a most valuable reference paper, coming from such a prominent 
authority as the reader. 
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There seems to have been some discussion as to the factor 
that has caused the electrification of foreign railroads, more 
particularly those on the European continent. It seems to me that 
one of the reasons for this electrification, while undoubtedly due 
to the heavy traffic and short haul, was influenced by the attitude 
of the Germans and Italians, in tending to conserve their fuel 
supply. If we follow for the last ten years the activities of the 
Germans in certain fields, such as the development of the internal 
combustion engine and the gas producer, we will appreciate 
how willing they are to make investments at a much greater 
cost on first installation, to be able to reduce their operating 
charges to any extent, and at the same time to produce, for 
instance, a horsepower hour for an expenditure of half the 
quantity of fuel in the shape of coal or oil. 

When we consider that by the electrification of railroads 
large central stations may be employed running on a coal con- 
sumption of from one to three pounds of coal per horsepower 
hour, and which can displace the many small units in locomotives, 
operating anywhere from five to fifteen pounds per horsepower 
hour, you will appreciate the advantages obtained by such 
electrification. 

The same conservation of energy is obtained by utilizing the 
current generated from the water powers that have been so com- 
pletely developed on the continent. 

A similar development of water power in the United States 
should exert an influence toward the electrification of some of 
our railroads, especially in those sections where the water supply 
is abundant and the utilization of this power for other purposes 
_is not possible. This might be particularly applicable in some of 
our mountainous Western districts where the grades are exceed- 
ingly heavy and the coal supply scarce. 


Mr. G. R. HENpERSON: Mr. President, I agree with quite 
a number of points that Mr. Clark has brought up, particularly 
when he says that each road is a problem to be worked out by 
itself; but I cannot agree with him on the ground that it is polit- 
ical intrigue or a battle of systems that prevents the electrification 
of railroads. I think it is purely and simply a financial proposi- 
tion, and I do not think it is possible to show an honest return on 
the electrification of a great many of our main lines of railroads. 
All the lines that have considered it have argued from the view 
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point of smoke in their tunnels or congestion of traffic. In other 
words, if we had had any of the great tunnels electrified there 
would have been no smoke, and the electrification of the road 
itself would probably never have been brought up if it had not 
been for complaints of the smoke nuisance experienced by those 
who had to go _ through their tunnels. 

The New York, New Haven & Hartford had to electrify part 
of its road in connection with its traffic with the New York 
Central. The West Jersey & Seashore Line from Camden to 
Atlantic City is not troubled with tunnel connections, but there 
is a great density of traffic. 

In Europe, not only the density, but the uniformity of traffic 
is one of the reasons for electrification being so much more 
advanced over there than it is here. In Europe there is a con- 
stant uniformity of traffic due to density of population, which 
ensures a steady return on the investment. 

The paper by Mr. Wilgus when analyzed showed that if 
the uniformity of traffic had been less regular, there would have 
been a loss instead of a gain in the electrification, and that if they 
were able to operate with only one-half of such a load factor as 
they were, the interest on the money invested in the power house 
would be sufficient to overcome all the benefits of the electric 
traction. 

The elevated lines in New York, the Subway Tunnel, and the 
Chicago elevated have been referred to as illustrating the bene- 
fits of electric traction in the reduction of operating expenses, 
but the uniformity of traffic is applicable there also. 

On many lines in the West there are a great many places 
where there would not be any chance to distribute any surplus 
electric power, because for one thing, there is not anybody within 
a hundred miles of many of the places to use the current. Each 
division would have to be large enough to handle any congestion 
that might come over the line. Very often some divisions will 
have only one or two trains a day for four or five days in the 
week, and then perhaps on two nights stock trains will follow 
each other at ten or twenty minute intervals, which they have to 
do in order to deliver the cattle in the Kansas City or Chicago 
markets in time for the cattle to be sold next day, and if there 
is any loss in the market price, the railroads have to stand for it. 

When you consider that a steam locomotive can be built for 
in the neighborhood of $15 per horsepower and the power house 
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and distribution system will cost $100 per horsepower, and when 
we consider that we cannot move a power house from one point 
to another as we can a locomotive, the reason why electrification 
does not progress faster is not hard to find. In the case of the 
steam railroad, if there is a call for locomotives on any division, 
we can move them where we need them. 

Take, for instance, the Northern Michigan lines, that are 
entirely closed up in winter, and in the summer time the business 
is very heavy. In the winter time the locomotives are drawn 
from those divisions that are closed up, and placed where they 
can be kept busy. 

It has been stated that a great deal of the increase in returns 
on electrified lines has been due to the increased traffic resulting 
from the change. Now I do not know that the user would find 
any satisfaction in receiving or that the shipper would find any 
satisfaction in shipping a carload of coal over an electric road, 
any more than over a steam line. It is well known that railroads 
make nearly all their living from freight traffic. If we consider 
this, I do not think there is any reason for any argument like 
that being made. We must have locomotives to haul those cars, 
and I think the whole thing is simply a question of cost. Per- 
sonally, although I do not know, I would not be surprised to 
find that the Pennsylvania Railroad intended to electrify their 
lines from New York to Washington. The Baltimore and Wash- 
ington terminals certainly need electrification. 

There is another thing to be considered, and that is in the 
mixing of the steam locomotives and the electric locomotives, 
the expense of the two together are much greater than where one 
is used. The changes from electricity to steam make the opera- 
tion cost greater, by requiring additional crews which make a 
shorter mileage. 

It is not a question of politics or a battle of systems. I think 
that either the A. C. or the D. C. system will give good service, 
as has been demonstrated on the New Haven and the New York 
Central lines. Until the country is populated enough to insure 
enormous traffic and great uniformity, I doubt whether we will 
see a great advancement in electrification, and when we consider 
the main lines of the United States and a general electrification 
scheme, I am satisfied that there would not be sufficient return 
to be interesting at all as a financial proposition. 


FRANKLIN INSTITUTE 


AWARD OF THE ELLIOTT CRESSON MEDAL TO 
DISTINGUISHED SCIENTISTS. 


In its action of awarding the Elliott Cresson Medal to the eminent 
scientists and technologists whose biographical sketches appear below, the 
Committee on Science and the Arts has again carried out its principle of 
according the highest recognition in its power to men who, by their distin- 
guished achievements, have made their names a by-word among their fellow- 
scientists and, indeed, among the whole human race. 

Appointed primarily for the purpose of examining inventions with a view 
to encouraging their originators, this committee’s field of activities has now 
become extended to the consideration of the life-work of such men who, 
by their original and fruitful research, have contributed materially to the 
sum of human knowledge. 

While it is true that to perfect a specific invention often involves many 
years of study and labor on the part of the inventor, it is nevertheless some- 
times the case that he receives valuable suggestions from the work of some 
master mind in the field before him. At the time of the introduction of his 
invention, in the light of the admiration evoked, this influence may not at 
once be apparent, and it is only after. this emotion has subsided—often after 
many years—that it becomes revealed. 

In this age of world-wide research, therefore, when the difficulty of dis- 
criminating between the instigator and propagator of an idea cannot be 
entirely removed and due recognition accorded, the necessity of meeting it 
by departing from the original lines and honoring those comparatively few 
master minds in the fields of science has arisen. 

Each of the noted scientists below has been the author of ideas that have 
led to a number of inventions in use in the arts and industries. Many of these 
inventions—attributed either to themselves or to their co-workers and col- 
laborators—have already individually received high recognition. At this time, 
however, it is for that masterful research, the influence of the results of 
which has already been, and must always be, of inestimable value to their 
fellow-men, that the Franklin Institute pays its highest tribute to the following 
distinguished scientists : 


ALEXANDER GRAHAM BELL, Sc.D., LL.D. 


Prof. Alexander Graham Bell was born at Edinburgh, Scotland, in 1847. 
He was educated at the Edinburgh High School and University, and trained 
by his father in the latter’s system for restoring speech to deaf-mutes. 

In 1870 he removed with his father to Canada, and in 1871 came to 
Boston as professor of vocal physiology in Boston University, where he 
taught his father’s system with success. 
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He had long been experimenting on the electrical transmission of sound, 
had designed and partly constructed a speaking telephone while in Canada, 
and in 1876 he took out a patent for it. The invention was exhibited at the 
Centennial Exposition in Philadelphia that year, and foreign scientists 
applauded it warmly. Professor Bell’s discovery of the necessity of a con- 
tinuous and variable current for the transmission of articulate sounds, in 
place of the interrupted and uniform electrical impulses which had long 
been the only means conceived for the purpose, formed the fundamental 
basis of telephonic science and art. Among his other important inventions 
are the photophone and the graphophone. His meteorological researches, and 
especially his investigations of aérial currents, have afforded valuable data 
for the advancement of the art of aviation. 

He has never abandoned his first field, however—that of the instruction 
and advancement of deaf-mutes—and has investigated and written much on 
the subject, publishing his papers through the Volta Bureau, which he 
founded, He has long held the foremost place in this field, and has been 
president of the American Society to Promote Teaching of Speech of the 
Deaf. 

Professor Bell has received many degrees from American and European 
universities, among which may be mentioned those of M.D. of Heidelberg 
University, of LL.D. of Harvard, and of Sc.D. of Oxford, etc. He is an 
officer of the Legion of Honor of France, a regent of the Smithsonian Insti- 
tution, and a member of the National Academy of Sciences and of many 
other leading scientific organizations. 

He was the recipient of the Volta Prize from the French Government in 
1890, and of the Medal of the London Society of Fine Arts in 1902. 

He has been a voluminous contributor to scientific literature, having writ- 
ten many monographs—among others being his “ Memoir on the Formation 
of a Deaf Variety of the Human Race.” 


SAMUEL WESLEY STRATTON, D.En«., Sc.D., Director of the National 
Bureau of Standards, Washington, D. C. 


Dr. Stratton was born at Litchfield, Ill., in 1861. He was graduated from 
the University of Ilinois in 1884. From 1885 to 1892 he was connected with 
the same institution as instructor in mathematics, later professor, then pro- 
fessor of physics and electrical engineering. In 1892 he went to the 
University of Chicago as assistant professor of physics, and later became 
professor, a position which he held until 1901, when he was appointed to his 
present position of Director of the National Bureau of Standards at 
Washington. ° 

Among his degrees are those of D.Eng. of Illinois, 1903; D.Sc. of Western 
University of Pennsylvania, 1903, and D.Sc. of Cambridge, 1908. He was ten- 
dered the Cross of Chevalier of the Legion of Honor in 1909. 

His activities include a connection with the Naval Militia since 1895. 
He also served as lieutenant in the Spanish-American War in 1808. 

Dr. Stratton was a member of the International Committee on Weights 
and Measures in 1905, and was United States delegate to the International 


AwarpD OF ELLIott CREsSON MEDAL. 613 


Electrical Congress at St. Louis in 1904. His membership in learned societies 
includes the American Association for the Advancement of Science, the 
American Institute of Electrical Engineers, American Physical Society, 
American Philosophical Society, American Society and also International 
Association for Testing Materials, etc. 

In the organization and development of the National Bureau of Stand- 
ards, Dr. Stratton has rendered a distinguished service to every scientific 
institution and by his broad-minded policy has made it invaluable to those 
engaged in the arts and industries of the country. 


ALBERT A. MICHELSON, Sc.D., Px.D., LL.D., Professor of Physics, 
University of Chicago, 


Professor Michelson was born at Strelno, Germany, in 1852. He came to 
this country when a boy; was graduated at the United States Naval Academy 
in 1873, and was instructor in the same institution from 1875 to 1879. 

He took graduate courses in physics in Berlin in 1880, in Heidelberg in 
1881, and in Paris in 1882. In the meantime he had resigned from the navy 
to become professor of physics at the Case School of Applied Science, Cleve- 
land, Ohio. From 1889 to 1892 he was professor of physics at Clark Uni- 
versity, and since that date has been head of the Department of Physics in 
the University of Chicago. 

His degrees include those of honorary Ph.D. of Western Reserve, 1886; 
Sc.D. of Cambridge, 1899; LL.D. of Yale, 1901, and of Pennsylvania, 1906; 
honorary Ph.D, of Leipzig, 1909. 

Professor Michelson has earned a world-wide reputation for his re- 
searches in light and for the Michelson and Morley experiment devised for 
examining the effects resulting from the relative motion of ether and matter. 
His early experiments in light gave new figures for the velocity of light in 
vacuo. His inferential refractometer made it possible to use wave-lengths 
of light as a measuring unit; this discovery was put to concrete use by his 
measuring a metre in terms of cadmium-light wave-length, enabling the orig- 
inal standards to be replaced at any time. This same instrument not only 
determines wave-lengths of red, green, and blue cadmium light, but separates 
lines less than one-thousandth metre apart, and hence is a very delicate 
dividing machine. 

Another of Professor Michelson’s important inventions was the echelon 
grating. This is used in spectroscopes of the highest resolving power, and 
is especially valuable in the study of magneto-optics, particularly the Zeeman 
effect. 
His researches have brought to him many distinguished honors. In 
1889 he was awarded the Rumford Medal; in 1900 the Grand Prix at the 
Paris Exposition; in 1907 the Copley Medal of the Royal Society, and in the 
same year he received the Nobel Prize for Physics from the Swedish Academy 
of Sciences. 

Professor Michelson was a member of the International Commission on 
Weights and Measures in 1897. He is connected with many important scien- 
tific societies, among them being the National Academy of Sciences, the 
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American Physical Society, American Philosophical Society, and several for- 
eign institutions, including the Royal Society, etc. He was president of the 
American Physical Society in 1900, 

He is a contributor to the Philosophical Magazine, to Nature, and to the 
American Journal of Science, etc., chiefly on researches in light. 


ALFRED NOBLE, C.E., LL.D., Consulting Civil Engineer. 

Mr. Alfred Noble was born at Livonia, Mich., in 1844, and was graduated 
from the University of Michigan in 1870. After his graduation he was for 
some months engaged on harbor surveys on Lakes Michigan and Huron, 
and was then placed in charge of the improvement of the St. Mary’s Falls 
Canal—a position which he held for twelve years. 

In 1892 Mr. Noble resigned from the government service and, after serv- 
ing some months as engineer of construction of the Red River Bridge at 
Shreveport, La., he was appointed general assistant engineer of the Northern 
Pacific Railroad, in which position he continued for three years. 

From 1886 to 1894 Mr. Noble had special charge of the construction of 
several important bridges in various sections, among them being the Belle- 
fontaine and the Leavenworth bridges over the Mississippi. 

In 1895 he was appointed a civilian member of the first Nicaragua Canal 
Commission. The report of this commission led to the abandonment of the 
Maritime Canal Company’s route. Mr. Noble was also a prominent member 
of the Isthmian Canal Commission of 1899. He also rendered important 
service as a member of the United States Deep Waterway Commission in 
1897. 

Following his activities on these commissions, Mr. Noble was engaged in 
private practice in a number of important works. From January, 1902, to 
1910, he was chief engineer of the East River Division of the Pennsylvania 
Tunnel and Terminal Railroad during the period of the construction of the 
four tunnels across the East River and of the Terminal Station. In 1905 
Mr. Noble was appointed by President Roosevelt a member of the Inter- 
national Board of Consulting Engineers on the Panama Canal. Since May, 
1909, he has been in general consulting practice with the firm of Noble & 
Woodard. He now acts as consulting engineer to the Board of Water Supply 
of the City of New York. 

His connection with learned societies has included the presidency of the 
American Society of Civil Engineers and of the Western Society of Engi- 
neers; it also embraces membership of the Institution of Civil Engineers of 
Great Britain, etc. In 1895 Mr. Noble received the honorary degree of LL.D. 
from Michigan University. 

In 1910 he was presented with a Fritz Medal for notable achievements in 
civil engineering. 


ELIHU THOMSON, Sc.D., Px.D. 

Dr. Elihu Thomson was born in Manchester, England, in 1853. At the 
age of five he came to this country, was educated in the public schools of 
Philadelphia, and was professor of chemistry and mechanics at the Central 
High School here, from 1870 to 1880. 
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After a visit to the Paris Exposition in 1878 he became interested in 
the subject of lighting by electricity, and his experiments, carried on with 
the aid of E. J, Houston, resulted in patents secured in 1878 and 1879. The 
following year he became electrician to the American Electric Company, 
afterwards known as the Thomson-Houston Electric Company. This, by 
consolidation with the Edison Company in 1892, became the present General 
Electric Company. 

Among his numerous patented inventions are the three-coil armature 
for dynamos and motors; the induction coil system of distribution; the induc- 
tion motor; the electric-welding process; the electric meter for direct and 
alternating currents, and many others in electric lighting, power, etc. 

Since 1892 he has retained his connection as consulting engineer to the 
General Electric Company. 

Professor Thomson has been accorded many honors for his electrical 
work, He was decorated by the French Government in 1889, and was awarded 
the Grand Prix in Paris in that year and in 1900. In 1902 he was the recip- 
ient of the Rumford Medal, and in 1904 of the Grand Prize at St. Louis. 

His connection with scientific societies includes membership of the 
National Academy of Sciences, of the Institution of Electrical Engineers, 
and of the Institution of Civil Engineers of Great Britain, etc. He was 
elected president of the American Institute of Electrical Engineers in 1880. 

Among the most notable of his papers prepared for scientific societies 
are those on “ Electric Welding,” read before the Franklin Institute in 1887, 
and on “Novel Phenomena of Alternating Currents,” prepared for the 
American Institute of Electrical Engineers in 1887. 


EDWARD WILLIAMS MORLEY, Sc.D., Px.D., LL.D., Emeritus Profes- 
sor of Chemistry, Western Reserve University. 


Dr. Edward Williams Morley was born at Newark, N. J., in 7838. He was 
graduated from Williams College, Williamstown, Mass., in 1860. He was 
elected to the chair of chemistry in Western Reserve College, Hudson, Ohio 
(later Adelbert College, Cleveland, Ohio), in 18609, and retained the office until 
1906, when he became emeritus professor. He was also professor of chemistry 
at Cleveland Medical College, 1873-8. 

His degrees include those of LL.D. of Williams, 1901, Western Reserve, 
1891, and Lafayette, 1907; honorary, Ph.D. of Wooster, and Sc.D. of Yale, 
1909. 

Professor Morley is a member of several leading scientific societies, 
among them being the American Association for the Advancement of Science, 
of which he was president in 1895; the American Chemical Society, of which 
he was president in 1899; the National Academy of Sciences, American 
Chemical Society, and foreign societies, including the Royal Institution, etc. 

By a series of admirable experiments and measurements he has deter- 
mined with hitherto unattained precision some of the fundamental magnitudes 
in chemical science. These include the atomic weight of oxygen, the gravi- 
metric synthesis of water, the density ratio of oxygen to hydrogen, and the 
redetermination of the composition of water by volume. 

Professor Morley has also made accurate determinations of the vapor 
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density of mercury between 0° and 100°, and has repeated the Michelson- 
Morley experiment in view of the Lorentz-Fitzgerald suggestion that the form 
of bodies may depend on translation through the luminiferous ether. 

Among his papers is “The Atomic Weight of Oxygen,” which appeared 
in the Smithsonian contributions to Knowledge, 1805. 


JOHANN FRIEDRICH WILHELM ADOLPH von BAEYER, Pu.D., 
F.M.R.S. 


Dr. Baeyer was born in Berlin in 1835. He studied chemistry under R. W. 
Bunsen and F. A. Kekulé, and in 1858 took his degree as Ph.D. at Berlin, 
becoming privadocent a few years afterwards and assistant professor in 1866. 
Five years later he was appointed professor of chemistry at Strassburg, and 
in 1873 he migrated in the same capacity to Munich, where he now resides. 

He has devoted himself mainly to investigations in organic chemistry, 
and in particular to synthetical studies by the aid of “ condensation ” reaction. , 
The experimental researches of himself and pupils extend over a vast range 
of organic compounds, and it may be said of them that they have greatly 
augmented, and in some cases completed, our knowledge of certain most 
important groups of the carbon compounds; notably they have elucidated the 
nature and composition of indigo, have led to the discovery of the phthaleins, 
with eosin, and to the synthetic production of many dyestuffs. 

Among the most important groups successfully studied by Professor 
Baeyer may be mentioned the cacodyl compounds; uric acid and its deriva- 
tives; the condensation products resulting from the action of aldehydes on 
hydrocarbons and phenols; benzene, the terpenes, and the ptomaines, etc. 
In his laboratory Turkey-red or alizarin was first made from anthracene, and 
Fischer discovered benzaldehyde-green. 

To celebrate his seventieth birthday, his scientific papers were collected 
and published under the title of “Gesammelte Werke,” Brunswick, 1905. 
These papers included his writings for the Berichte Deutschen Chemischen 
Gesellshaft, Berlin, and Liebig’s Annalen der Chemie, etc. 


SIR WILLIAM CROOKES, D.Sc., LL.D., F.R.S., O.M., Foreign Secretary 
to the Royal Society. 


Sir William Crookes was born in London in 1832, and studied chemistry 
under von Hoffman, whose assistant he became in 1851. Three years later 
he accepted a position in the meteorological department of the Radcliffe Obser- 
vatory, Oxford, and in 1855 was appointed professor of chemistry at the 
Training College, Chester. 

In 1861, while engaged in the spectroscopic examination of the residue 
left in the purification of crude selenium, he succeeded in isolating thallium, 
and during the next twelve years he carried out a minute investigation of this 
metal and its properties. 

While engaged in the determination of its atomic weight, discouraging 
irregularities led him to make his weighings in a partial vacuum, Sometimes 
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he found the metal to be heavier when cold than when in a heated condition, 
and this led to his principle of “repulsion resulting from radiation.” In 
1875 he invented his radiometer for illustrating such phenomena. He was 
thus brought into touch with the dynamical theory of gases and with experi- 
mental work in high vacua, and so came to his famous researches on the 
electric discharge in gases. These in turn led him to formulate his theory 
on the “ Fourth State of Matter.” 

In 1881 his paper on radiant matter spectroscopy appeared, and in 1883 
he began an inquiry into the nature and constitution of the rare earths. 

In the course of this work he succeeded, by means of fractional crystal- 
lization, in resolving yttrium into portions that gave different spectra, and, 
believing this to be due to a disruption of the yttrium atoms, he formulated 
his hypothesis that the chemical elements are products of an evolution from a 
primordial or protyle matter. 

Sir William is one of the foremost authorities on precious stones, espe- 
cially on the diamond, minute specimens of which he has succeeded in making 
artificially. 

Upon the discovery of radium he was early in the field in taking up the 
study of its properties. In 1go0 he first effected the separation from uranium, 
by two distinct chemical methods, of the one direct transformation product 
called uranium X. 

He discovered, in 1903, that the alpha rays from radium produce phosphor- 
escence on a target of crystalline zinc sulphide. This wonderful phenomenon 
was popularized in his spinthariscope. 

Sir William is the author of various works on chemistry and chemical 
technology, including “Select Methods of Chemical Analysis” and several 
papers on dyeing, etc. He has also devoted some time to the investigation 
of psychic phenomena. He is proprietor and editor of the Chemical News. 

He is a member or corresponding member of scientific societies in his 
own country and abroad. At one time or other he has occupied the chair of 
many of the leading learned societies of Great Britain. The Royal Society 
awarded him the Royal Medal in 1875, the Davy Medal in 1888, and the 
Copley Medal in 1904. The French Academie des Sciences similarly recog- 
nized his work in 1880, and the Society of Arts with the Albert Medal in 
1899. He was knighted in 1897 by Queen Victoria. 


SIR HENRY ENFIELD ROSCOE, Pu.D., LL.D., D.C.L., F.R.S., Emeritus 
Professor of Owens College, Victoria University. 


Sir Henry Enfield Roscoe was born in London in 1833. After studying 
at Liverpool High School and University College, London, he went to Heidel- 
berg to work under R. W. Bunsen. In 1857 he was appointed to the chair 
of chemistry at Owens College, Manchester, where he remained for thirty 
years, From 1885 to 1895 he was member of Parliament for the South 
Division of Manchester, and from 1896 to 1902 vice-chancellor of London 
University. 

Sir Henry has served on several important royal commissions appointed 
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to consider educational questions; notable among these were the Commission 
on Technical Education, on Scottish Universities, and on Secondary 
Education, 

His degrees include those of Ph.D. and of honorary M.D. of Heidelberg, 
the former in 1853 and the latter in 1887. He was knighted in 1884. 

Sir Henry’s scientific work includes a memorable series of “ Researches 
on the Chemical Action of Light,” carried out with Bunsen between 1855 
and 1862, in which were laid the foundations of comparative photo-chemistry. 

In 1867 he began an elaborate investigation of vanadium and its com- 
pounds, and devised a process for preparing it pure in the metallic state. He 
performed extended and fruitful work on tungsten and uranium, and made 
numerous interesting applications of spectrum analysis to the solution of 
scientific and industrial problems. He was also author of researches on 
niobium, perchloric acid, and the solubility of ammonia, etc. 

His publications include, beside several elementary works on chemistry 
which have been circulated universally, “ Lectures on Spectrum Analysis,” 
1869; “A Treatise on Chemistry,” 1877; “ A New View of Dalton’s Atomic 
Theory,” with Dr. A. Harden, 1896, and a charming autobiography, “ Life and 
Experience of Sir Henry Roscoe.” The “Treatise on Chemistry,” written 
in collaboration with Carl Schorlemmer, his private assistant, has for a 
generation past been the standard work on the subject. 

He is a member of many leading scientific societies, including the Chemi- 
cal Society and the British Association, of which he was president in 1887, 
and is an officer of the Legion of Honor of France. 


Proceedings of the Stated Meeting held Wednesday, May 15, 1912. 


‘HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May 15, 1912. 


Mr. JAMES Mapes Donce in the Chair. 


The following proposed amendment to the By-Laws was presented for 
final action: 

Article XIII, Section 1, to be amended by striking out “and” in 
3d line, and adding “June” before “ July” in 3d line; and adding “ and 
September ” after “ August” in 4th line, so that by-law, after amendment, 
will read as follows, the new matter being in italics: 


ARTICLE XIII. 


Section 1.—“‘ The Institute shall hold stated meetings on the 
third Wednesday of each month, except in June, July, August, and 
September. That on the third Wednesday in January of each year 
shall be the annual meeting.” 

On motion, duly seconded, the amendment was adopted. 


Dr. Alexander Graham Bell was then introduced by Dr. Harry F. 
Keller to the Chairman, who presented him with the Institute’s Elliott Cresson 
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Gold Medal and Diploma in recognition of his solution of the problem of the 
electrical transmission of articulate speech. 

The following eminent scientists were also presented by Dr. Keller and 
received the Cresson award: 

Dr. Edward Williams Morley, in recognition of his important contribu- 
tions to chemical science, and particularly of his accurate determinations of 
fundamental magnitudes. 

Professor Elihu Thomson, in recognition of his leading and distinguished 
work in the industrial applications of electricity. 

Dr. Samuel Wesley Stratton, in recognition ef his distinguished and 
directive work in physical science and metrology, and its application in the 
arts and industries. 

The Chairman stated that the recipients of the medals were four of the 
nine scientists and technologists to whom the awards were made. 

The remaining awards were made as follows: 

To Dr. Albert A. Michelson, in recognition of his original and fruitful 
investigations in the field of physical optics, 

To Dr, Alfred Noble, in recognition of his distinguished achievements in 
the field of civil engineering. 

To Dr. Johann F. von Baeyer, in recognition of the many important 
results of his extended research in organic chemistry and of his discovery 
of synthetic processes of great industrial value. 

To Sir William Crookes, in recognition of his important discoveries 
in inorganic and analytical chemistry and of his pioneer work on the dis- 
charge of electricity through gases. 

To Sir Henry Enfield Roscoe, in recognition of his extended and im- 
portant researches in the domains of inorganic, physical, and industrial 
chemistry. 

Dr. Keller read letters of acknowledgment from the latter two recipients. 

A biographical note and statement of the work of each of the above 
appears elsewhere in this issue. 


In introducing the medallists, Dr. Keller said: 

“ Mr. President: It is a curious fact that it often happens that a man 
who is but little known to an audience is called upon to introduce men who 
are known to everyone present, but never have I been so impressed with 
this anomaly as on this auspicious occasion, when to me, as a member of 
the Committee of Awards, has been assigned this extremely gratifying duty 
and rare privilege to introduce to you, and, through you, to this brilliant 
assembly, the famous scientists, investigators, and inventors who have come 
hither to accept from your hands the highest award which this venerable 
Institute, named in honor of the greatest American scientist, has the power 
to bestow. 

“The first on the list is a name that is illustrious the world over; it 
has come to be a household word in every land; in fact, it would be difficult 
to find another scientist whose name has become so universally popular. It 
would seem presumptuous on my part if I attempted to characterize the 
great work which this man has done; you all know it; his life’s work has 
touched many human interests, but most of all it has been concerned with 
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one of the foremost interests, that of ‘human speech.’ Born in Edinburgh, 
Scotland, Dr. Bell came to Canada at the age of twenty-three, and in the 
following year to this country, to Boston, where he taught his father’s system 
of imparting the faculty of speech to deaf-mutes. He has never abandoned 
this field, and, I believe, is easily the first investigator and authority in it; 
but he was to make even greater achievements in another field—that of the 
electrical transmission of articulate sound. His experiments in that direction 
began in 1871, but it was not until 1876, when the Centennial of the Inde- 
pendence of the United States was being celebrated by an International 
Exposition in this city, that he first made the world acquainted with that 
most wonderful invention of his, the first successful speaking telephone. I 
need not explain here the principle upon which this great invention is based. 
The apparatus exhibited here in 1876 has been modified and improved in 
many ways, but fundamentally its principle has remained the same. 

“Our medallist of this famous name has made many other achievements 
and great inventions, among which may be mentioned the graphophone and 
the photophone; he has also studied the atmosphere and aérial currents, and 
has thus materially advanced the new art of aviation.” 


In introducing Dr. Morley: “ Among the various activities of ' The 
Franklin Institute during the past eighty-seven years chemistry has 
taken a prominent and a noble part. Our Institute has numbered 
among its members a great many of the distinguished chemists of the 
country. This old hall has been the scene of innumerable lectures and 
communications on the subject, both pure and applied. Our audiences have 
witnessed hundreds of experimental demonstrations of chemical discoveries 
and inventions. Our Committee on Science and the Arts has recognized 
the great achievements of chemists, both here and abroad, by the award of 
medals and in other ways. I feel sure that the Elliott-Cresson Medal—the 
highest award this Institute has to give—has never been bestowed upon a 
worthier representative of chemistry in America than it will be to-night. 
The man whom we intend to honor has not written a great many papers 
nor voluminous books, but the results of his investigations are of funda- 
mental importance. His researches are of the highest rank, and are recog- 
nized everywhere as models of scientific acumen and experimental skill. 
Among the main results of these investigations are the exact determination 
of the atomic weight of oxygen, of the densities of oxygen and hydrogen, 
and of the exact ratio between these two elements, as well as a complete 
synthesis of water. Many great chemists in Europe and this country had 
already bent their energies to determine these constants, but none, so far as 
I know, has equalled his work in accuracy. In recent years American 
chemical research has taken rank with that of the older countries of Europe; 
but I believe I will not be contradicted if I say that no single piece of ex- 
perimental chemical work has reflected greater credit on American chemistry 
than has this classic on the atomic weight of oxygen and the composition 
of water. Though by no means the only research work he has done, it is, 
I think, in itself quite sufficient to secure for him the Elliott-Cresson Medal.” 


In introducing Dr. Stratton: “From the oldest times the subject of 
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‘Weight and Measures ’—that is, of the comparison of unknown quantities 
with known magnitude or units—has been one of vital and universal con- 
cern. It is only in modern times, however, that this subject has been devel- 
oped along scientific lines—that the truly chaotic condition in which weights 
and measures used to be has been transformed into a science. The develop- 
ment of this science of metrology has been somewhat slow and gradual. 
One of the steps toward securing an ideal system of weights and measures 
(one of the greatest steps, perhaps) was the creation in France, at the time 
of the Revolution, of the Metric System, which was designed to replace the 
old and incongruous weights and measures then in use in different parts 
of that country. Since that time the metric system has been introduced 
into most civilized countries and has been adopted universally by men 
of science. This international use of the metric system has led to the 
establishment of the International Bureau of Standards and of Weights 
and Measures in Paris, and from this great institution have descended a 
number of national bureaus of standards in the different countries, even 
where the metric system is not used, or, shall I say, ‘ not yet used.’ 

“The Bureau of Weights and Measures in Washington is one of the 
most active and most successful of its kind. During the ten years it has 
been in existence it has done the most splendid work, conferring the greatest 
benefits upon both science and the industries. The work of that great 
institution is not simply the construction and comparison of standards; it 
is far more than that. Its highly-trained scientific staff is engaged in the 
solution of scientific as well as industrial problems of the highest impor- 
tance. The organization, direction, and the success of that great laboratory 


is largely due to the efforts of one man, to him whom we have with us this 
evening, the distinguished mathematician, physicist, and electrical engineer.” 


In introducing Dr. Thomson: “It is with a peculiar sentiment of 
pleasure and satisfaction that I present to you the fourth medallist on our 
list, for he is one of my honored predecessors in the chair of chemistry at 
the Central High School, and a man who has left a deep and lasting im- 
pression on the scientific teaching and investigation of that school and on 
the whole scientific world. 

“Forty years ago science, natural as well as physical, was taught at 
the High School, as it was in all similar schools at that time, by lectures 
and recitations. Good work, no doubt, was done, but an important element 
of instruction was lacking. In 1870 there was appointed in the Central 
High School a young and enthusiastic man, first as instructor in chemistry, 
and later in chemistry and mechanics. The laboratory he found there was 
only a store-room for chemicals and apparatus, and now and then, perhaps, 
one of the professors would venture into this basement room and make a 
demonstration before a small class. The young instructor. fitted up that 
laboratory and introduced regular exercises in chemistry and laboratory 
work. I believe it was the first work of this kind done in any high school 
in the country—I may be mistaken about that, but it certainly was one of 
the first instances. But he did far more than that: indefatigably he worked 
in that laboratory himself. A born investigator, he constructed novel forms 
of apparatus, devised new experiments, brought to light new facts of science, 
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and invented practical applications of scientific discoveries. At the same 
time he was connected with this Franklin Institute. He became interested 
in electrical work in connection with our Committee on Science and the 
Arts, and, I believe, delivered courses of lectures on electricity in the Even- 
ing School of this Institute. Like Faraday, he started as a chemist, and 
gave more and more time to physical investigation, until finally he became 
an electrician of the first rank. Then the school could hold him no longer. 
He abandoned teaching in 1880 and since that time he has made almost innu- 
merable valuable inventions. The are too many of them even to mention the 
more important ones. It is the record of this magnificent work that has 
made him famous the world over and in recognition of which the Elliott 
Cresson Medal is to be bestowed upon him.” 


After the presentations, Professor Morley gave a brief address on 
“ Fundamental Chemical Constants.” Dr. Morley spoke of the bearing of the 
determination of such constants as atomic weights on our knowledge of the 
nature of matter, He reviewed his work on the atomic weights of oxygen 
and other elements and on the synthesis of water. 

Prof. Elihu Thomson outlined “ Recent Developments in the Electrical 
Art.” By giving a brief summary of the present-day applications of electric- 
ity in the arts and industries, he demonstrated the fulfilment of his early 
prophecy on the future of the art. He spoke of the growing tendency to 
generate one kind of electric current only, rectifying and transforming this 
locally for use for all purposes. In the course of his remarks Dr. Thomson 
gave interesting reminiscences of his early work and experiments carried 
out at the Franklin Institute. 

Dr. Stratton presented a short paper on “ Metrology in Relation to Indus- 
trial Progress,” in which he reviewed the growth of metrology with the 
advance of civilization. He referred to the formation and present work 
of the National Bureau of Standards, and spoke of the influence of the 
bureau on the industrial and commercial progress of the country, in supplying 
standards for all purposes and in encouraging the establishment of research 
laboratories by industrial concerns. 


Adjourned. R. B, Owens, 
Secretary. 


CORRESPONDENCE. 
From Sir William Crookes, O.M., F.R.S., 


7 KENSINGTON PARK GARDENS, 
Lonpon, W., 
March If, 1912. 

R. B. Owens, Esa., Secretary, 

The Franklin Institute, 

Philadelphia, Pa., U. S. A. 

Dear Sir: 

I am deeply sensible of the honor paid to me by the Franklin Institute in 
awarding the Elliott Cresson Gold Medal for my scientific work; I return 
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my warmest thanks for a recognition, precious as it is wholly unexpected. 
And I thank my Philadelphia friends for the flattering terms of the announce- 
ment. It is an especial pleasure to find myself associated with so dis- 
tinguished a band of scientific researchers, with most of whom I happily 
have the pleasure and privilege of being personally acquainted. 

Following the desire of my heart, I have been able to devote a con- 
siderable portion of the last fifty years to the irresistibly fascinating pur- 
suit of original scientific research. Your generous appreciation of my work 
will stimulate me to break down more barriers, to penetrate deeper into 
those baffling regions where in all departments of science illimitable domains 


await exploration. 
Believe me to remain, 


Very truly yours, 
[Signed] Witttam Crookes. 


Woopcote Lopce, West Horstey, 
LEATHERHEAD, Lonpon, S. W., 
March 15, I912. f 


Dear Sir: i 
I have received, through the kindness of my friend, Mr. James Bryce, 
British Ambassador at Washington, your kind letter of February 2oth, in 
which you inform me that the Franklin Institute have done me the honor to 
award to me its Elliott Cresson Medal. 
I beg that you will express to your Committee of Science and the Arts is 

my sense of the great honor which they have done me, and offer to them 


my most grateful thanks. 
I wish to add that I feel this the more keenly because I find my name 


associated with men of the highest distinction, many of whom I have the 
privilege of claiming as personal friends. 
I am, dear sir, : if 


Yours sincerely, 
[Signed] Henry E. Roscoe. 


R. B. Owens, Esq., 
Secretary, Franklin Institute, 


Philadelphia. 


COMMITTEE ON SCIENCE AND THE ARTS. 
(Abstract of Proceedings of the Stated Meeting held Wednesday, 
May 1, 1912.) 
HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, May I, 1912. 


Dr. Geo. A. Hoapiey in the Chair. 


The following reports were presented for first reading: 
No. 2507.—Squier’s Multiplex Telephony. 
No. 2517.—Dietz’s Multi-Speed Shutter. 
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Final action: 


No. 2383.—Downes’s Asbestos-Covered Magnet-Wire. Scott Award. 


Adopted. 
No. 2477.—Granbery’s Stadia Rod. Longstreth Medal. Adopted. 


No. 2508.—Turner’s Air-Brake Impfovements. Cresson Medal. 


Adopted. 
No. 2514.—Kennicott Water Weigher. Scott Award. Adopted. 
R. B. Owens, 
Secretary. 
SECTIONS. 


Section of Physics and Chemistry—A joint meeting of the Section of 
Physics and Chemistry, the Philadelphia Branch of the American Pharmaceu- 
tical Association, and the Scientific Section of the Philadelphia Branch of the 
Ameriean Pharmaceutical Association was held in the Hall of the Institute 
on Thursday, April 25, 1912, at 8 p.m. The presiding officers were Dr. 
Robert H. Bradbury, president of the Sections of Physics and Chemistry of 
the Franklin Institute, and Dr. F. E. Stewart, president of the Philadelphia 
Branch of the American Pharmaceutical Association. One hundred members 
and visitors were present. The minutes of the previous meeting were 
approved as published. 

Dr. William J. Gies, professor of biological chemistry in Columbia Uni- 
versity, delivered a lecture on “ Chemical Defences of the Organism against 
Disease.” 

John Morris Weiss, B.S., B.A., of New York City, read a paper by J. T. 
Ainslie Walker, F.R.S.M., F.C.S., and himself, entitled “ Note on the Rideal- 
Walker Phenol Control: A Possible Discordant Factor in the Standardization 
of Disinfectants.” 

Both communications were discussed at length, and a vote of thanks was 
given to the lecturers. Dr, Stewart, on behalf of the members of the Ameri- 
can Pharmaceutical Association, expressed their pleasure at having partici- 
pated in the joint meeting. Adjourned. 

JosepH S. HEpBurn, 
Secretary. 


MEMBERSHIP NOTES. 
Election to Membership. 
RESIDENT, 
Mr. Wo. R. Warner, Jr., Duffryn Mawr, Pa. 


Changes of Address. 


Mr. Ricuarp L. Binper, 931 North Eighth Street, Philadelphia, Pa. 

Mr. Tuos. L. Burton, 318 Westinghouse Building, Pittsburgh, Pa. 

Mr. ArtHur D. Epcerton, Agness, Oregon. 

Mr. F. E. Hayes, Jr., care of Ballard & Ballard, 912 East Broadway, Louis- 
ville, Ky. 


Lrsprary NOTES. 625 


Mr. W. R. Hutrincer, Grove City, Pa. : 
Mr. Ernest JoHANSEN, in care of Mr. C. P. Dexter, Battle Creek, Mich., ” 


R. F. D. No. 1. 4 
Mr. KtepetKo, 80 Maiden Lane, New York City. 


Mr. W. G. MatruHews, Box 1492, Jacksonville, Fla. Pa 
Mr. Ratpn D. Mersuon, 80 Maiden Lane, 19 Cedar Street, New York City. 
Mr. Atsert L. Wesster, Room 1930, 80 Maiden Lane, New York City. 
Dr, Harvey W. Witey, Room 1120, Woodward Building, Washington, D. C. 
Mr. I. B. Witson, Jr., I.E., Construction Gas, Electric Light and Power Com- 

pany, Lexington and Liberty Streets, Baltimore, Md. 


NECROLOGY. 


Mr. A. J. Lamborn, Real Estate Trust Building, Philadelphia, Pa. 
Dr. O. Brunel-Haccius, Geneva, Switzerland. 
Mr. W. C. Wetherill, 703 Symes Building, Denver, Colo. 


LIBRARY NOTES. 
Purchases. 


Bitcuer, H.—Modern Industrial Chemistry, 1911. 

Stein Metz, C. P.—Elementary Lectures on Electric Discharges, 1911. 

StroMEYER, C. E——Marine Boiler Management and Construction, 1907. 

Kent, WiLLIAM.—Steam-boiler Economy, 1910. 

Trustees Gas Educational Fund.—Catechism of Central Station Gas Engineer- 
ing [c1909]. 

CLasseN, A.—Theorie und Praxis der Massanalyse, 1912. 

Lake, E, F—Composition and Heat Treatment of Steel, 1911. 

OstwaLp, W.—Grosse Manner, 1910. 

Railway Signal Dictionary, 1911. 

Garrett, A. E—The Advance of Photography, 1911. 6 

LEHMANN, O.—Die neue Welt der fliissigen Kristalle, 1911. 

CARPENTER, R. C, and H. Drepertcus.—Experimental Engineering, 1912. 

Fouter, G. L.—Forney’s Catechism of the Locomotive, 1911. 

MacFarren, H. W.—Text-book of Cyanide Practice, 1912. 

Futton, C. H.—Principles of Metallurgy, rgro. 

CampseLL, H, H.—The Manufacture and Properties of Iron and Steel, 1907. 

BottLer, M.—German Varnish-making, 1912. ‘ 

IncrAM, E. L.—Geodetic Surveying, 1911. 

Kirk, E.—A Practical Treatise on Foundry Irons, 1911. 

Boute, H. and D. Rospertson.—Transformers, 

Ricuarps, J. W.—Metallurgical Calculations, parts 2 and 3, 1910 and 1908. 

Parr, G. D. A—Electrical Engineering Testing, 1907. 

Ecxet, E. C—Building Stones and Clays, 1912. 

Barr, W. M.—Pumping Machinery, 1909. 
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Gifts. 

Springfield Water Commissioners, Thirty-eighth Annual Report. Springfield, 
1912. (From the Commissioners. ) 

India Meteorological Department, Annual Summary, 1910. Simla, rorr. 
(From the Department.) 

Pennsylvania Railroad Company, Sixty-first Annual Report, 1911. Philadel- 
phia, n. d. (From the company. ) 

Navy and Marine Corps Register, January, 1912. Washington,.1912. (From 
the Navy Department. ) 

U. S. Department of Agriculture, Bureau of Soils, Field Operations, 19009. 
Washington, 1912. (From the Department.) 

New York Education Department, State Library Report for 1909 and 1910. 
Albany, 1911. (From the Department.) 

Bombay Presidency, Rainfall for Years Previous to 1891, vol. 1, 1910. Bom- 
bay, 1910. (From the Meteorological Department of India.) 

India Rainfall Data, 1910. Calcutta, 1911. (From the Meteorological De- 
partment. ) 

Western Australia, Statistical Register for 1909 and Previous Years. Perth, 
1911. (From the Government Statistician. ) 

U. S. Interstate Commerce Commission, Bulletin of Revenues and Expenses 
of Steam Roads in the United States, compiled from monthly reports 
covering the years 1910 and 1911. Washington, 1912. (From the Com- 
mission. ) 

Uruguay, Republica Oriental, Anuario Estadistico, tomo 2, parte 1, 1907-1908. 
Montevideo, 1911. (From the Government. ) 

Indian Railway Conference Association, Locomotive and Carriage Superin- 
tendents’ Committee, Proceedings 1911, and of Calcutta Meeting, January, 
1912. Bombay, 1912. (From the Committee.) 

National Park Conference, Proceedings 1911. Washington, 1912. (From the 
Department of the Interior.) 

U. S. National Museum Report for 1911. Washington, 1912. (From the 
Smithsonian Institution.) 

American Society of Civil Engineers, Transactions, vol. 74, December, ror. 
New York, 1911. (From the Society.) 

Institution of Civil Engineers, Minutes of the Proceedings, vol. 184, 1911I- 
12. London, 1912. (From the Institution.) 

Philadelphia City Trusts, Forty-second Annual Report of the Board of Direc- 
tors, 1911. Philadelphia, 1912. (From the Board.) 

U. S. Department of Commerce and Labor, The Effects of Topography and 
Isoctatic Compensation upon the Intensity of Gravity. Washington, 1912. 
(¥rom the Department.) 

Atlantic Deeper Waterways Association, Report of the Proceedings, 1911. 
Philadelphia, 1911. (From the Association. ) 

Canada, Department of Trade and Commerce, Report Part 7, 1911, Trade of 
Foreign Countries and Treaties and Conventions. Ottawa, 1912. (From 
the Department. ) 

Stevens, Horace J., The Cooper Handbook, vol. 10, 1910-1911. Houghton, 
1911. (From the author.) 
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San Fernando, Anales del Instituto y Observatorio de Marina, Section 2, Ano. 
1910. San Fernando, 1911. (From the Institute.) 

Maryland Geological Survey, Report Vol, 9, 1911, Geology and Paleontology ; 
Report Vol. 4, County Resources; Report Vol. 6. Baltimore, 1912. 
(From the State Geologist.) 

Japan Imperial Investigation Committee on Earthquakes, vol. 6. No. 1. 
Tokyo, 1912. (From the Committee.) 

U, S. Department of Commerce and Labor, Commerce and Navigation of 
the United States, 1911. Washington, 1911. (From the Department.) 
Pennsylvania—Commissioner of Banking, Report for 1910, part 2, Building 
and Loan Associations; Department of Mines, Report 1910, part 1, An- 
thracite, part 2, Bituminous; Smull’s Legislative Handbook, 1911; De- 
partment of Fisheries, Report for 1911; Secretary of Internal Affairs, 
Report for 1910, part 1, Land Office, Boundary Lines; part 2, 1910, 
Assessments, Taxes; part 3, 1910, Industrial Statistics; part 4, I910- 
1911, Railroads, Canals, Telegraphs, and Telephones. Harrisburg, 1910- 

1912. (From the State Library.) 

U. S. Department of the Interior, Bureau of Education, Report of the Com- 
missioner, vol. 1, 1911. Washington, 1912. (From the Department.) 
Hamilton Association, Journal and Proceedings, 1907-1908. Hamilton, 1908. 

(From the Association. ) 

New York City, Borough of Manhattan, Investigation and Report upon Gas 
Pressure Conditions. New York, n. d. (From the Public Service Com- 
mission. } 

American Institute of Architects and T-Square Club, Philadelphia Chapter, 
Year-Book, 1912. Philadelphia, n. d. (From the Institute.) 

American Gas Institute, Proceedings, vol. 6. Easton, Pa. 1912. (From the 
Institute. ) 

New South Wales Geological Survey—Mineral Resources No. 14, “ The 
Tin-Mining Industry and the Distribution of Tin Ores in New South 
Wales,” by J. E. Carne, F.G.S. Sydney, 1911. (From the Survey.) 

Pennsylvania Conference of Charities and Corrections, Proceedings Second 
Annual Session, November 15, 16, 17, 1910. Morganza, Pa., 1911. (From 
the Conference. ) 


THE CENTENARY OF THE INTRODUCTION OF GAS 
AS AN ILLUMINANT. 


BY 
WALTON FORSTALL, 


Assistant Engineer of Distribution, Philadelphia Gas Works. 


On April 18th and 190th the Centenary of the Introduction of Gas as an 
Illuminant was celebrated in the Hall of the Institute. Three societies joined 
with the Institute in this event, viz., the American Philosophical Society, the 
American Chemical Society, and the American Gas Institute. The initiative 
was given by a paper on “ The Present Status of the Gas Industry and its 
Outlook,” read by Dr. Charles E, Munroe, of the George Washington Univer- 
sity, at the December, 1911, meeting of the American Chemical Society. A 
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committee was appointed by this meeting to confer with the American Gas 
Institute and other interested societies. The American Philosophical Society 
welcomed the idea and was willing to devote one session to this purpose at 
its April meeting. The Franklin Institute, for reasons to be more fully ex- 
plained, was glad to participate, and offered its Hall for any or all of the 
sessions. In the last form this invitation was finally accepted, because it was 
decided that the meeting-room of the Philosophical Society would be inade- 
quate in size. The American Gas Institute, as the national representative 
of the gas profession, appreciated its responsibility in the matter and, through 
its Technical Committee, secured the lecturers and cared for the many details 
involved. 

It was indeed fitting that the Franklin Institute should not only participate 
but act as host on this occasion, for both now and its earliest days its rela- 
tion to the gas industry has been most intimate. Samuel Vaughan Merrick 
is the link in the past. He is considered as one of the two founders of the 
Institute. He was on the Board of Managers from 1824 to 1863, and was 
president from 1841 to 1853. He designed and constructed in 1835-6, the 
original Philadelphia Gas Works, located at Market Street and the Schuylkill 
River. To his success in this work eloquent testimony was borne, at the cele- 
bration, by a silver pitcher loaned by J. Vaughan Merrick, on which was 
inscribed “ Presented to Samuel V. Merrick, Engineer, by the Stockholders, 
in testimony of their admiration of his skill in designing and his success in 
the construction of the Philadelphia Gas Works, January 22nd, 1838.” Walton 
Clark, president of the Institute, is a past president of the American Gas 
Institute and its predecessor, the American Gas Light Association, and as 
second vice-president of The United Gas Improvement Company is the 
engineering head of the largest owner of gas properties in this country. 

The programme of the celebration is inserted here for purposes of record. 


PROGRAMME. 


TuurspAy, APRIL 18TH, I912, 
8.00 P.M. 


By-Products in Gas Manufacture. 
By Cuartes E. Munroe, Px.D., Washington, D. C., 


Professor of Chemistry and Dean of the School of Graduate Studies,{The 
George Washington University. 


Fripay, APRIL 19TH, 1912, 
10.00 A.M. 


The Commercial and Financial Aspects of the Gas Industry. 
By Hon. Georce B, Corretyou, New York. 
President of the Consolidated Gas Company. 
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II.00 A.M, 


The Technique of Gas Manufacture. 
By Atrrep E. M.E., New York. 


Secretary, Trustees Gas Educational Fund of the American Gas Institute, 
and Past Secretary, American Gas Light Association. 


2.00 P.M. 
Gas as an Illuminant. 
By VAN RENSSELAER LANSINGH, B.S., New York. 
President of the Illuminating Engineering Society. 


3.00 P.M. 


The Use of Gas for Heat and Power; The Testing of Gas. 


By Epwarp B. Rosa, Px.D., Washington, D. C. 
Chief Physicist, National Bureau of Standards. 


The lectures themselves are to be found in this and succeeding issues of 
the JourNnAL. The Thursday evening session was called to order by Dr. 
W. W. Keen, president of the American Philosophical Society, with a few 
remarks on the great part played by gas in adding to the sum of human wel- 
fare. The Friday morning session was opened by Dr. A. D. Little, president 
of the American Chemical Society. The afternoon session had as chairman 
James Mapes Dodge, vice-president of the Institute. It should be stated here 
that Walton Clark, president of the Franklin Institute, and Ira C. Copley, 
president of the American Gas Institute, were unable to be present, the 
former because of absence from the country, the latter because of sickness. 

There were two events on Friday, not shown on the programme. The 
first was after Mr. Cortelyou’s lecture, when the Chairman requested those 
in the audience to rise who had been engaged in the gas business thirty years 
or more. Seventeen responded, and among them was L, H. Davis, in his 
ninetieth year, who built a gas works at Troy, N. Y., in 1848, and a number 
of others in rapid succession immediately thereafter. The second event was 
a luncheon to the audience between the morning and afternoon sessions. 
This was tendered by The United Gas Improvement Company, and its presi- 
dent, Mr. Samuel T. Bodine, welcomed the guests. 

The attendance at all the sessions was excellent, the Hall, with a seating 
capacity of three hundred, being almost filled. The greatest interest was 
shown not only in the lectures but also in the Loan Exhibition mentioned on 
the programme. A list of the articles on exhibition is appended as a part of 
this account. The exhibition was held in the first-floor room north of the 
hallway, the room being kindly loaned for the purpose by its present occu- 
pants, the Committee on Science and the Arts. Four excellent photographs 
taken of the exhibition are now part of the records of the Institute. There 
was also in the wall of the stairway leading to the second floor an exhibit 
of most of the modern forms of gas burners. 

It is to be regretted that every member of the Institute was not able to be 
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present on this thoroughly enjoyable occasion, the latest of many historic 
celebrations held in the venerable Hall. 

In closing, an opportunity is here taken to thank, in the name of the 
Institute, all who contributed to the success of the Centenary. 


LIST OF EXHIBITS, TEMPORARY LOAN EXHIBITION. 


Loaned by the United Gas Improvement Company 


Original model of Lowe water gas apparatus from which the patent was 
made. 

Old gas meter. 

Pentane lamp: English photometric standard certified by the Board of 
Trade for testing purposes in London in the 70's. 

Hefner lamp, German photometric standard. 

Carcel lamp, French photometric standard. 

Argand standard lamp. 

Photographs of autograph letter of David Melville, the American gas 
lighting pioneer. 

Picture of William Murdoch, the father of the gas industry. 

Picture of Phillippe Lebon, the great French inventor. 

Picture of F. A. Winsor, pioneer promoter of the gas industry. 

Picture of T. S. C, Lowe, inventor of the Lowe water gas apparatus. 

Picture of Sir George Livesey, 1834-1908, former chairman, South Metro- 
politan Gas Company, London. 

Photograph of Thomas Dolan, former president of The United Gas 
Improvement Company. 

Picture of Mr. Theobald Forstall, gas engineer. 

Picture of A. C. Humphreys, president Stevens Institute of Technology. 

Plan of New York City in 1767. 

Plan of the city of Philadelphia in 1796. 

Picture of historic development of water gas manufacture. 

Picture of Lowe water gas apparatus (elevation). 

Picture of Lowe water gas apparatus (plan). 

Picture of Lowe gas apparatus. 

Picture of Lowe gas apparatus. 

Picture of Lowe gas apparatus. 

Picture of Lowe’s improved gas apparatus, S. A. Stevens Company. 

Picture of gas machinery of 1881. 

Picture of “ Farly days in the Gas Business.” 

Picture of “ Charging.” 

Picture of “ Warm Work.” 

Picture of Astoria Plant (New York) first unit coal gas. 

Photograph and autograph letter, Dr. Carl Auer von Welsbach. 

Framed Paper, Rules of New Orleans Gas Works, by Theobald Forstall. 

Old Gas Bill, Philadelphia Gas Works, 1842 (price of gas then $3.50 per 
thousand ). 

Old London cartoon, “ One of the Advantages of Gas over Oil.” 
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Philadelphia Gas Works prior to 1870. 

Three views of Old Philadelphia Gas Works, Market Street and Schuyl- 
kill River, 

Survey for Philadelphia Gas Works Wharf, 1841. 

Volume 1, Number 1, of The Journal of Gas Lighting, London, February 
10, 1849. 

Volume 1, Number 1, of The American Gas Light Journal, July 1, 1859. 

“Some Information Concerning Gas Lights,” by Thomas Cooper, Phila- 
delphia, 1816. 

“The Theory and Practice of Gas Lighting,” by T. S. Peckston, London, 
1819. 

Accum’s treatise on “ The Manufacture of Coal Gas,” London, 1820. 

Charts of statistics showing the growth of the gas industry. 


Loaned by Consolidated Gas Company of New York. 


Piece of wooden gas main in use in Long Island City for a number of 


years. 
Model of the home of Mr, Everett, first president of the New York Gas 


Company, the first house in Manhattan lighted by gas. 
Old street lamp meter prior to 1860. 
Street lamp meter. 
Cavalry sabre blade found in a gas main in Manhattan on making repairs. 
Two pictures of wooden gas-holder guide-frame used in Bronx until 


recent years. 

Drawing trunk lines in use in New York from the introduction of gas 
to the present day. 

Full-size drawing of services in use at different periods from the intro- 
duction of gas to the present day, % inch to 8 inches. 

Framed paper—Remonstrance against gas in Philadelphia, 1833. 

Eight Consolidated gas bills of different periods from 1827 to 1879. 

Five photographs of the air lock used in construction of tunnel for the 
East River Gas Company of Long Island City. 

Three sketches of Old Manhattan Works. 

Picture of Manhattan Gas Works, Eighteenth Street Station. 

Picture of Manhattan Gas Works, Fourteenth Street Station. 

Picture of Metropolitan Gas Works, Sixty-fifth Street and North River. 

Picture of Metropolitan Gas Works, Sixty-third and East River. 

Picture of Metropolitan Gas Works, Forty-second and North River. 

Employees of the Consolidated Gas Company who have been in active 
service for forty years or more. 

Report of Special Committee on Gas Light in 1826. 

Photograph of General Office, Irving Place and Fifteenth Street, in 1870. 

Picture of proposed Astoria Tunnel showing 2.72-inch pipes. 

Picture of entire Street Department of the old New York Gas Company 


in 1877. 
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Loaned by New Orleans Gas Light Company. 


Check on New Orleans Gas Light and Banking Company by Lee & Hardy, 
1836. 

List of slaves, showing days worked and days sick of each, 1854. 

List of slaves, with gift to each, 1861. 

Pen-and-ink drawings in perspective of the New Orleans Gas Works in 
1865. 

Plan of New Orleans Gas Works, dated 1836. 
Picture of Col. W. S. Campbell, engineer, New Orleans Gas Light Com- 
pany, 1847-1860. 

Receipt of State land tax from “The Gas Bank,” year 1845. 

Promissory Note of New Orleans Gas Light and Banking Company, in 
1835, $1,000. 

Letter dated 1836, relating to mutual operation between the “ New Orleans 
Gas Light and Banking Company” and a bank in Boston. 

Certificate of a survey for the New Orleans Gas Light Company in 1840, 

Bond of $15,000 guaranteeing the “ Ass’t Discount Clerk” of the New 
Orleans Gas Light and Banking Company, dated 1836. 

Paper relating to the sale of a slave to the New Orleans Gas Light Com- 
pany. The slave is guaranteed against all vices except that of running away, 
dated 1838. 

Night pass for slave, New Orleans Gas Works, 


Loaned by Welsbach Company. 


The first incandescent gas burner used in America. Received by Ameri- 
can Welsbach Company in 1887. 

Gordon regenerative lamp, 1884. 

Siemens-Lungren regenerative lamp, 1884. 

No. 150 Welsbach lamp, made in 1888. 

No, 5 Bell burner, June, 1888. 

French Welsbach burner, multiple air supply. 

Lungren burner, mantle of magnesia, 1887. 

Sellon burner, 1887, mantle of platinum gauze (not shown). 

Denayrouze Multiple-Bunsen incandescent burner. 

No. 3 Welsbach lamp, August, 1888. 

No. 75 gas lamp, 1887, made by the Welsbach Company. 

Gordon regenerative lamp, 1884. 


Loaned by Birkinbine Engineering Offices. 


Old drawing for Lebanon Gas Works, 1856. 

Old drawing for gas purifying house prior to 1860. 

Old drawing for Lock Haven Gas Works, made in the 50's. 
Old drawing of Birkinbine patent gas-retort, made about 1860. 
Old drawing of Lewisburg Gas Works, made in the 50’s. 
Old drawing of Lebanon, Pa., Gas Works, 1856. 
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LOANED BY. 


EXHIBIT. 


Glazed dry meter, about 1870........ Helme & Mcllhenny. 


Glazed prepayment meter ........... Helme & Mcllhenny. 
Meter made in 1863 by John J. Griffin 
John J. Griffin Co., Philadelphia. 


Model for column for first gas holder 
(capacity 250,000 cubic feet) erected 
for New York Mutual Gas Light 
a Ee New York Mutual Gas Light Com- 
pany. 
Photograph of building in which gas 
was first made in Mt. Vernon, New 


Photograph of an old employee...... Westchester Lighting Company. 
Old gas stove used in Philadelphia 


Old sun dial stove made in Philadel- 
phia by the Goodwin Company and 
bought in 1869 by “Uncle Jerry” 


GE Eclipse Gas Stove Company. 
Consumers’ wet meter, 1855, No. 2, 
made by D. and H. McDonald..... D. McDonald & Co., of Albany, N. Y. 


Old dry burner test meter square 
diaphragm, made in the 60’s by D. 
D. McDonald & Co., of Albany, N. Y. 

Picture of Samuel V. Merrick, en- 
gineer of Philadelphia Gas Works.Mr. J. Vaughan Merrick. 

Testimonial pitcher awarded to Mr. 

Samuel V. Merrick, engineer, Old 
_Philadelphia Gas Works, in 1838..Mr. J. Vaughan Merrick. 

First gas stock certificate issued in 

reas 


Mr. Julia F. Sachse, librarian, and 
Committee on Library, Grand Lodge 
F. & A. M. of Pennsylvania. 


A gas bill of fifty years ago, two 


months, $01 (price of gas then, $10 


BOOK NOTICES. 

Patnt TECHNOLOGY AND Tests. By Harry A. Gardner, Assistant Director, 
The Institute of Industrial Research, Washington, D. C.; Director, 
Scientific Section, Educational Bureau, Paint Manufacturers’ Association 
of the United States, ete. Cloth, 8 vo.; 266 pages. Profusely illustrated. 
McGraw Hill Book Company, New York. Price, $3. 

In this volume Mr. Gardner has collated and systematized the results 
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obtained from his work on paint technology conducted during the past five 
or six years for the Paint Manufacturers’ Association. This work has cov- 
ered a wide range of field work, supplemented by extensive physical and 
chemical research in the laboratory, The information here for the first time 
set forth in due order of correlation has appeared from time to time in the 
form of bulletins, reports, and pamphlets to the members of the association, 
but has not hitherto been available to the general technical public. 

In its scope the work covers the technology of the raw materials, labora- 
tory study of the nature and physical characteristics of paint films of varying 
composition; the testing of paint films in situ on various structural material, 
with details of the field tests conducted for the association; methods of 
inspecting and reporting such tests, etc. One of the most interesting chapters 
is that devoted to structural steel paint test, in which the work in connection 
with Dr. Cushman’s theory of inhibition is given in detail. Much of the 
laboratory methods and devices used are original with the author and are a 


valuable contribution to the study of paint technology. 
G. B. HeEcKEL. 


“ GALVANOSTEGIE,” Erster Teil, Elektrolytische Metallniederschlage, von Dr. 
M. S. Schlotter, Band 37 of Monographien uber Angewendte Elektro- 
chemie, 257 pages (24x16 cm.). Halle-a.-S., Germany, Wilhelm Knapp. 
Price, 12 marks, 

This book is a scholarly account of the subject of electroplating, in which 
both patent literature and scientific literature receive adequate treatment. 
The references to the literature are unusually full for a work of this type. 
As a whole, the book is a remarkable example of the broad spirit in which 
the Germans conceive their industrial problems and of the sort of men to 
whom they intrust the working out of them. It is startling, for instance, to 
find a “practical” electroplater familiarly invoking the Nernst solution- 
pressure formula (page 223) to get a quantitative idea of the possibilities 
when a mechanical mixture of two metals is employed as electrode in a solu- 
The work is clearly written and requires no 


tion containing ions of both. 
It will be of the utmost value to every 


previous knowledge of the subject. 


one interested in electroplating. 
Ropert H. BrApBury. 


“ TRAITE D’'ANALYSIS METALLURGIQUES.” By J. Hognon. 155 pages (21.5 x 13 
cm.). Paris, Gauthier-Villars. Price, 5 francs. 

This is an elementary manual of iron and steel analysis, intended espe- 
cially for works where the basic Bessemer process is in use. The book is 
written for beginners, and the author wisely refrains from describing too 
many methods, giving only one, or at most two, for each purpose. These 
methods are, as a rule, well selected and well described. There are some 
defects which might be remedied in a second edition. 

It seems to the reviewer a mistake to omit all explanation of the calori- 
metric bomb from the subject of fuel analysis. The naive statement on 
page 67, that it is possible to pass from a hydrochloric acid solution to a 
nitric acid solution by simply neutralizing with ammonia and re-acidifying 
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with nitric acid, is in rather urgent need of revision. The method for the 
gravimetric determination of sulphur (page 92) should be rewritten, in the 
light of recent work. On page 96 the author can hardly have intended to 
advise the chemist to fuse carborundum with a mixture of sodium hydroxide 
and potassium hydroxide in a platinum crucible. The atomic weight table 
seems to have been taken, without correction, from some old book. The 
atomic weight of tin differs from the correct value by a whole unit, while 
the atomic weight of uranium is given as 240 and that of titanium as 50! 
On the whole, the text-book will hardly interest American chemists, since 
much better works are available in English and in German. There is a table 


of contents, but no index. 
Rosert H, Brappury, 


PUBLICATIONS RECEIVED. 


Outlines of Applied Optics, by P. G. Nutting, associate physicist, Bureau 
of Standards, Washington, D. C., Blakiston’s Science Series. 234 pages, illus- 
trations, 12mo. Philadelphia, P. Blakiston’s Son & Co., 1912. Price, in 
cloth, $2. 

Allen’s Commercial Organic Analysis, a treatise on the properties, modes 
of assaying, and proximate analytical examination of the various organic 
chemicals and products employed in the arts, manufactures, medicines, etc., 
with concise methods for the detection and estimation of their impurities, 
adulterations, and products of decomposition, Volume vi. Amines and 
ammonium bases, aniline and its allies, naphthylamines, pyridine, quinoline, 
and acridine bases, vegetable alkaloids, volatile bases of vegetable origin, nico- 
tine and tobacco, aconite alkaloids, atropine and its allies, cocaine, opium, 
strychnos alkaloids, cinchina alkaloids, berberine, caffeine, tea and coffee, 
cocoa and chocolate, by the editors, and the following contributors: W. H. 
Glover, R. W. Tonkin, J. J. Fox, Edward Horton, Thomas A. Henry, Francis 
H. Carr, E. Vanderkleed, P. J. Sageman, Frank O, Taylor, Samuel P. Sadtler, 
Oliver Chick, R. Whymper. Fourth edition, entirely rewritten. Edited by 
W. A. Davis and Samuel S. Sadtler. 726 pages, plates, 8vo. Philadelphia, 
P. Blakiston’s Son & Co., 1912. Price, in cloth, $5. 

Canada Department of Mines, Mines Branch. An investigation of the 
coals of Canada, with reference to their economic qualities, as conducted at 
McGill University, Montreal, under authority of the Dominion Government. 
In six volumes, by J. B, Porter, E.M., D.Sc., and R. J. Durley, Ma.E., assisted 
by Théophile C. Denis, B.Sc., Edgar Stansfield, M.Sc., and a staff of special 
assistants. Vol. i, 233 pages, illustrations, plates, maps, tables, 8vo. Ottawa, 
Government Printing Bureau, 1912. Price, $1. 

Konstant auftretende secundiére Maxima und Minima in den jahrlichen 
Verlauf der meteorlogischen Erscheinungen von Dr. Van Rijckevorsel. 
Sechste abteilung. 39 pages, illustrations, 4to. Rotterdam, W. J. Van Hengel, 
1912. 
Royal Institution of Great Britain. Weekly evening meeting. May 109, 
1911—Recent Experiments with Invisible Light, by Prof. R. W. Wood. 12 
pages, plates, 8vo. January 26, 1912—The Pressure of a Blow, by Prof. Ber- 
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tram Hopkinson, M.A. 15 pages, illustrations, plates, 8vo. February 23, 
1912—The Gyrostatic Compass and Practical Application of Gyrostats, by 
George K. B. Elphinstone, Esq. 5 pages, 8vo. March 1, 1912—The Total 
Eclipse of the Sun, April, 1911, as observed at Vavau, Tonga Islands, by 
William J. S. Lockyer, Esq. 13 pages, illustrations, plates, 8vo, March 22, 
1912—The North Sea and its Fisheries, by Prof. D’Arcy W. Thompson. 13 
pages, 8vo. London, Institution, 1911-12. 

U. S. Forest Service. Bulletin No, 106, Wood-using industries and 
national forests of Arkansas. Part i, Uses and Supply of Wood in Arkansas, 
by J. T. Harris and Hu Maxwell. Part ii, Timber Resources of the National 
Forests in Arkansas, by Francis Kiefer. 40 pages, 8vo. Washington, Govern- 
ment Printing Office, 1912. 

U.S. Bureau of Mines. First annual report of the Director for the fiscal 
year ended June 30, I91I. 57 pages, 8vo. Bulletin No. 10, The Use of Per- 
missible Explosives, by J. J. Rutledge and Clarence Hall. 34 pages, illus- 
trations, plates 8vo. Bulletin No. 25, Mining Conditions under the City of 
Scranton, Pa. Reports and maps by William Griffith and Eli T. Conner, with 
a preface by Joseph A. Holmes and a chapter by N. H. Darton. 2 vols., illus- 
trations, plates, maps, 8vo. Technical paper 12, The Behavior of Nitroglycerin 
When Heated, by Walter O? Snelling and C. G. Storm, 14 pages, illustra- 
tions, plate, 8vo. Washington, Government Printing Office, 1912. 

U.S. Commissioner of Education, Report for the year ended July 30, 1g1t. 
Volume i. 675 pages, 8vo. Washington, Government Printing Office, 1912. 

U.S. Bureau of Standards. Technologic paper No. 2, The Strength of 
Reinforced Concrete Beams; Results of Tests of 333 Beams (first series), by 
Richard L. Humphrey and Louis H. Losse. 200 pages, illustrations, tables, 
plates. Technologic Paper No. 7, The Testing of Clay Refractories, with 
Special Reference to Their Load-carrying Capacity at Furnace Temperatures, 
by A. V. Bleininger, ceramic chemist, and G. H. Brown, assistant ceramic 
chemist, Bureau of Standards. 78 pages, illustrations, 8vo. Circular No. 33. 
United States Government Specification for Portland Cement. 28 pages, illus- 
trations, 8vo. Washington, Government Printing Office, ror2. 
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CURRENT TOPICS 


Crop Plants for Paper Making. C. J. Branp. (Bureau of 
Plant Ind. Circular No. 82.)—The Bureau of Plant Industry is 
conducting experiments with crop by-products and specially-cul- 
tivated plants for paper making. At present the most important 
crop waste is ordinary Indian-corn stalks, of which 30 million tons 
are annually available in the corn belt. When extracted with water a 
ton of corn-stalks yields 200 to 300 pounds of dissolved solids, 
apparently of high nutritive value, and experiments are now proceed- 
ing on feeding stock with the concentrated extract. In addition, the 
dried stalks yield 12 to 18 per cent. of long fibre of high quality and 
15 to 30 per cent. of “ pith-pulp” of less value but utilizable in 
special directions. “ Broom-corn” stalks look more promising both 
as regards yield and quality, but the production is only estimated 
at 450,000 tons. The proportion of pith in the “ broom-corn”’ stalk 
is not so large, and pulp may be used up to 50 per cent. in the com- 
position of high-class book paper without any separation of the pith- 
cells, which is absolutely necessary with ordinary corn-stalks. Rice 
straw is one of the most promising of raw materials; about 1% 
million tons is the estimated product. It is expected to yield about 
35 per cent. of pulp suitable for excellent qualities of book paper. 
Cotton hull fibre has already established itself as an industrial raw 
material of considerable value. Cotton stalks and bagasse do not 
appear likely to yield satisfactory substitutes for wood pulp. About 
3 million tons of flax straw are produced, of which about 300,000 
tons are utilized for the manufacture of a rough grade of tow. 
Hemp is perhaps the most attractive crop which could be grown, 
from the point of view of paper making. It should be “ dew- 
retted ” to avoid impoverishing the soil. One acre should yield 2% 
to 3 tons of retted stalks, yielding 40 to 45 per cent. of pulp. 


Normal Light Mercury-vapor Lamps. (Engineering, xcii, 
No. 2400, 873.)—Mr. Cooper Hewitt has recently succeeded in 
improving his mercury-vapor lamps by turning their ghastly bluish- 
green light into a normal light, white with a trace of pink. Various 
attempts were made to supply the deficient red rays. The tubes 
were charged with nitrogen, the rays appeared pink when plunged in 
ice, but the regular tint reappeared at ordinary temperature. Argon 
and helium behaved similarly. Herceus used an amalgam containing 
20 per cent. lead and 20 per cent. bismuth, with about 0.5 per cent. 
each of zinc and cadmium; but these alloys and others containing 
thallium and antimony practically yielded mercury arcs. Then Mr. 
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Hewitt tried combining a mercury are with an incandescent carbon 
filament, but these complicated lamps became inefficient. He then 
turned to fluorescence and was successful with fluorescent screens. 
Mercury arc tubes surrounded with gauze veils dyed with rhodamine 
were first applied, but the efficiency was poor and the light was 
unpleasant. Then rhodamine reflectors were placed behind the mer- 
cury tubes and a pleasant light was produced. But, unfortunately, 
rhodamine is not fast to light, and the screen lost its effectiveness 
in about 24 hours. Hence it became necessary to incorporate the 
rhodamine with some substance which would render it more durable 
without interfering with the fluorescence. Such a substance has 
recently been found, and the paper screens are now coated with 
rhodamine by a complicated process. It is claimed that objects 
appear of the same tint, when examined in daylight, as they do in 
the light of these new mercury arcs fitted with rhodamine reflectors. 
Mr. Hewitt’s patent describes this as a varnish consisting of 70 parts 
of cellulose acetate, 10 parts of glycerin, and 20 parts of acetic acid, 
dissolved in pure acetone to form a 12 per cent. solution, to which 
a quantity of rhodamine equal to 3 per cent. of the weight of cellu- 
lose acetate and glycerin is added. 


Deterioration and Spontaneous Heating of Coal in Storage. 
H. C. Porter and F. K. Ovirz. (J. Ind. Eng. Chem., iv, 5.)—This 
investigation was conducted by the United States Bureau of Mines. 
With New River Coal, which is largely used by the United States 
Navy, there was a loss of less than 1 per cent. in calorific value (cal- 
culated to “ coal substance free of moisture, sulphur, and corrected 
ash”) when a 300-pound sample was exposed in the open air for I 
year. There was practically no loss in samples submerged in sea 
water or in fresh water. Pocahontas “run of mine” coal, a steam- 
ing and coking coal, which is the principal fuel used in the Panama 
Canal work, lost less than 0.4 per cent. in calorific value by exposure 
for one year. Pittsburgh coal, a rich coking and gas coal, suffered 
no loss in calorific value by exposure for 6 months. Wyoming coal, 
a sub-bituminous coal or black “ lignite,” lost 5.3 per cent. of its 
calorific value in 234 years, and as much as 3.5 per cent. during the 
first three months’ exposure. Storage under water prevents loss of 
calorific value, and, as it also prevents spontaneous combustion, may 
be advantageously adopted in some cases; but there is the great 
disadvantage that .some kinds of coal retain a large proportion of 
water after draining, and fuel would be consumed to evaporate this 
water. With regard to the spontaneous combustion of coal, these 
suggestions are made: (1) Coal should not be piled more than 12 
feet deep, nor so that any point in the interior will be more than 10 
feet from an air-cooled surface. (2) If possible, lumps only should 
be stored. (3) Handling of the coal should be reduced to a 
minimum to avoid making dust. (4) Lumps and fines should be 
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distributed in the pile as evenly as possible, taking care the lumps do 
not roll down and form air passages at the bottom. (5) The coal 
should be rehandled and screened after two months. (6) External 
sources of heat should not be allowed near the pile. (7) Coal, after 
mining, should be “ seasoned” for 6 weeks before storing in piles. 
(8) Alternate wetting and drying of the coal should be avoided. 
(9) Admission of air to the interior of the pile through interstices 
or porous foundations should be avoided. (10) Ventilation by pipes 
should not be attempted. 


Lighting by Neon Tubes. (Engineering, xcii, No. 2398, 807.) 
—As has long been known, a vacuum tube charged with neon gives 
a brilliant light with but little absorption of electric energy, yet there 
is a progressive absorption of the gas and the light is finally ex- 
tinguished. M. G. Claude described a number of experiments made 
to overcome this. He found that when the tubes had small 
electrodes, these heated rapidly nearly to redness, and a metallic 
deposit formed on the glass in their vicinity. After 88 hours this 
deposit amounted to 1.6 gramme. On examination neon was found 
occluded in the metal. Hence, as the disappearance of the gas was 
due to the vaporization of the metal, M. Claude reasoned that the 
life of the tube would be lengthened by using larger electrodes; 
which would keep cooler. He constructed a neon tube, 45 mm. in 
diameter, with copper electrodes equivalent to a surface of 300 sq. 
cm. per ampére of current. One of these tubes worked satisfactorily 
for 210 hours and was then accidentally broken. Since then, with 
a tube 6 metres long, with electrodes giving a surface of 500 sq. cm. 
per ampére, M. Claude found that the potential difference necessary 
to maintain the current only changed 4 per cent. in 400 hours. The 
efficiency was excellent, only 0.8 watt per candle. It is interesting 
to note that were the energy wholly convertible into that light to 
which the eye is most sensitive, the output would be 55 candles per 
watt, according to recent measurements by MM. H. Buisson and Ch. 
Fabry. 


“ Corubin,” a New Abrasive. Anon. (Metal Ind., x, 2, 82.)— 
“ Corubin ” is a new abrasive manufactured abroad. It is produced 
from the slag resulting from the reaction between aluminum and 
chromium oxides. It is practically pure alumina, containing a 
trace of chromium oxide, which gives it a red color. On account of 
the high temperature at which it is manufactured it is free from 
combined water. It is produced in three grades—coarse, medium, 
and fine—and is sold only in the proportion of two parts coarse 
to one each of medium and fine. 


Monel Metal. Anon. (The Metal Ind., x, 2, 72.)—Monel 
metal is now to be had in the form of wire at a cost that compares 
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favorably with high-grade German silver, but the properties of this 
new wire are of such high order that it should not be confused 
with numerous white metals of German or nickel silver. Tests 
have shown that this monel wire is as strong as steel wire, while 
it is less corrodible than copper and takes a finish like pure nickel. 
Electrical tests have shown that Monel wire has the following 
properties : 

~~ resistivity—256 ohms per mil-foot. (Temp. coefficient, .oo11 

Electrical conductivity, 4 per cent. (copper 100 per cent.). 


Pure Vanadium. O. Rurr and W. Martin. (Zeit. Angew. 
Chem., xxv, 49.)—The starting-point was the difficulty fusible 
vanadium trioxide; the more readily fusible pentoxide was found 
to be unsuitable. The alumino-thermic method, when carbon was 
substituted for a portion of the theoretically necessary aluminum, 
yielded a product containing from 95 to 99 per cent. of vanadium. 
Equally good results were obtained by making rods of the trioxide 
mixed with sugar charcoal, and heating them, first to sintering 
in Ruff’s electrical vacuum resistance furnace, then to fusion in an 
arc furnace; or by melting down in zirconia crucibles at a tem- 
perature of about 2000° C. a mixture of vanadium carbide and 
trioxide. The carbide was obtained by fusing a suitable mixture of 
trioxide and carbon in a carbon crucible in a Ruff furnace at 
2800° C. Pure vanadium melts at 1715° C.; its specific gravity, 
at 18.7° C., is 5.688; the heat of combustion of I gramme to 
VO, is 2456 calories. The melted metal readily dissolves 
both the trioxide and the carbide; and these mixtures melt at 
a higher temperature than the metal. The trioxide melts at 2000° 
C.; the carbide at 2750° C: 


Explosion of Radium Bromide. B. Jost. (Chem. Zeit., xxxvi, 
138.)—In several instances small grains of radium bromide burst 
into minute particles with explosive violence in the spinthariscope 
or in the air when the salt was transferred by means of a moistened 
needle. The phenomenon was only observed in the case of a very 
pure and old salt, and when traces only of water were present. 
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THERMOMETRIC LAG. 


1. THERMOMETRIC lag is conveniently expressed by employ- 
ing a quantity A, whose significance may be stated as follows: 

(a) If a thermometer has been immersed for a long time in 
a bath whose temperature is rising at a uniform rate, A is the 
number of seconds between the time when the bath attains any 
given temperature and the time when the thermometer indicates 
this temperature. In other words, it is the number of seconds 
the thermometer “lags” behind the temperature. 

Or! 

(0) lf a thermometer be plunged into a bath maintained at 
a constant temperature (the thermometer being initially at a 
different temperature), 4 is the number of seconds in which 
a difference between the thermometer reading and bath temper- 
ature is reduced to 1/e of its initial value. 

The fundamental equation of heat transfer, commonly 
referred to as Newton’s law of cooling, is stated in terms of 4, 
for application to problems in thermometric lag, and the principal 
working equations derived therefrom are reviewed. 

2. To express analytically the lag of the common form of 
Beckmann thermometer, the simpler theory was modified to take 
into account the fact that the lag of the bulb and that of the large 
capillary between the bulb and the fine capillary are different. 

3. Methods of determining lag are discussed and experiments 
are cited to test the theories as applied to ordinary “ chemical ” 
thermometers and to Beckmann thermometers. 

4. The large variation in the lag of a given thermometer with 
the nature of the medium in which it is immersed, and with the 
rate of stirring of this medium, is brought out by experiments 
in water, in a viscous kerosene, and in air, in which these media 
were forced past the bulb of the thermometer at different meas- 
ured rates. 


* These two interpretations of 2 are mutually consistent. The actual 
definition of the quantity is most logically made by designating it as the 
“constant” of the fundamental equation, and then deducing the interpreta- 
tions here given. 
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Values from the curves obtained here: 


2 in Seconps. SMALL “ CHEMICAL” THERMOMETER. 


I 5 10 50 100 500 1000 | 
Water.... 10.0 5.1 3.3 2.9 94 | | — 
— —| 
..| 40 to 13.4 7.5 64! 48 — ——/ 
..| 190. 148. |128. | 71. | 58. 33 25 


5. Part, and frequently the largest part, of the lag of a 
thermoelectric or electrical resistance thermometer is the lag of 


the galvanometer. A d’Arsonval galvanometer, critically damped, 


Moment of Inertia of Moving System _ 
is shown to lag 4 X — ee ee : seconds be 


hind and e.m.f. changing linearly with time, after the steady 
state of motion is attained. A close approximation to this value 
is lag — 7/z_ seconds, where T is the complete period of the 
moving system, oscillating much underdamped. 

6. Types of resistance thermometers were tested for lag. 
The Callendar type, in a liquid bath, was found to lag greatly in 
comparison with an ordinary “ chemical ”’ mercurial thermometer, 
and the empirical expression of the lag of the same form as that 
developed for a Beckmann thermometer. The Dickinson-Mueller 
type of resistance thermometer bulb in a liquid bath was found to 
lag much less than the fastest of mercurial thermometers. 

7. The Jaeger-Steinwehr method of computing the lag of a 
resistance thermometer, from the heating effect of the measuring 
current and the heat capacity of the thermometer, is critically 
discussed. The lag of a Dickinson-Mueller thermometer in a 
well-stirred liquid bath is shown to be about one-half second. 

8. The necessary corrections that must be applied to the 
observed readings of a thermometer, to correct for the effeet of 
its lag, under the usual conditions of use, are discussed in some 
detail. 

g. An analytic proof is given of the fact that in an ordinary 
calorimetric experiment, in which the same thermometer is used 
to determine temperatures in the “ pre-period,” the “ middle per- 
iod,”’ and the “ after period,” the correction for lag in the middle 
period neutralizes the corrections for lag in the pre-period and 
the after period. 


WASHINGTON, February, 1912. 
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BY 


H. W. Bearce, 
Assistant Physicist. 


SIXTEEN samples of linseed oil of known origin and purity 
were tested. A complete history of these samples is given in 
Technologic Paper No. 9, Bureau of Standards, and also in the 
1911 Proceedings of the American Society for Testing Materials. 
Six samples of gum turpentine, three samples of wood turpentine, 
two samples of “ wood spirits,” and one sample of “oil” of 
turpentine were also tested. 

The density of each sample was determined at 10°, 20°, 30°, 
and 40° C. by the method of hydrostatic weighing. Special 
apparatus was employed by means of which any turpentine be- 
tween 10° and 40° C. could be obtained and automatically main- 
tained sensibly constant for any desired length of time. The 
densities were determined by weighing in the sample at each 
temperature a plummet or sinker of known mass and volume, the 
sinker having been calibrated by weighing in twice-distilled water. 

The temperatures were read on two mercurial thermometers 
suspended in a glass tube placed parallel and adjacent to the tube 
containing the sample. 

The sinker used in the density determinations was of 
Jena 16" glass, ballasted with mercury, and had approximately 
the following dimensions: length, 30 cm.; diameter, 15 cm.; 
volume, 50 c.c.; mass, 100 g. 

In making a density determination the method of procedure 
was as follows: The water in the outside bath was brought to 
the desired temperature by proper adjustment of the heating and 
cooling coils. After sufficient time had elapsed to allow the 
apparatus to attain temperature equilibrium, observations were 
begun. First, a weighing was made with the sinker suspended 
in the liquid, then the two thermometers were read; next, a tare 
weighing was made with the suspension wire still passing through 
the surface of the liquid, but with the sinker detached and resting 
on the bottom of the containing tube; then a second weighing 
with the sinker attached, and after that a second reading of the 


thermometers. 
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After completing the observations on a sample at the four 
temperatures 10%, 20°, 30°, and 40° C., the density at each tem- 


perature was calculated by means of the equation 


2 


Ve 
In which D, = density of sample at temp. t. (in gms/m!1). 
W = weight of sinker in vacuo. 
w = weighing with sinker off. 
Ww: and w:— weighing with sinker on. 

p = air density. 
8.4 = assumed density of brass weights. 
V,= volume of sinker at temp. 


8.4 


After calculating the density at each temperature, a least 
squares reduction was applied to the calculated results in order 
to find the most probable value of the density at each temperature. 
It was assumed that the equation Dt = D + « (t — ¥) + A(t — x)? 
represents sufficiently well the rate of expansion. The very small 
residuals obtained show that the assumption was justified. 

A summary of the results of the investigation is here given. 


THE DENSITY AND THERMAL EXPANSION OF LINSEED OIL AT 
BETWEEN 10° AND 40° C. 


SUMMARY 


OF RESULTS 


TABLE I 


Sample No. 


TEMPERATURES 
ax107 Bx 109 
.92 480 | —6844| +262 
‘92 499 | + 50 
-92 534 | —6823/ +192 
-92 568 | —6851| + 90 
.92 578 | —6848} + 58 
-92 586 | —6843/ + 90 
92 596 | —6838| + 95 
.92 638 | —6857] +110 
.g2 672 | —6875| + 38 
.g2 680 | —6843| +168 
-92 688 | —6840/] + 78 
.92 706 | —6842| +240 
-92 720 | —6850/ — 88 
-92 720 | —6852} +320 
‘92 730 | —6844|) +155 
92 756 ; —6873| + 78 
92 634 | —6847| +120 


| 
| 
( 
§ 
t 
4° 4° 4° 4° 
OB S23 139 | Of 460 f 
16.........| 526 | .92 841 | .92 158 | 475 | 
SOL B75 | 393 | OF S14 | 
2.........+| 93 598 | 92 QII | .92 226 | .O1 543 | 
II.........] 93 606 | .g2 920 | .Q2 235 | .QI 552 
3......+++0] G3 614 | .92 928 | .92 244 | .QI 561 
12........+] 93 624 | .92 938 | .92 255 | .O1 573 | 
6..........] 93 668 | .g2 981 | .92 295 | 611 
14........+.-| 93 704 | .93 016 | 329 | 642 
8..........] 93 710 | .93 022 | .g2 338 | .QI 657 
Of: | 033.1 02.347 OF 664 | 
OF 7361 049 | 365 | OF 650 | 
Q........-.] 93 746 | .93 062 | .92 377 | 91 691 | 
15........+] -93 755 | -93 063 | .92 378 | .g1 699 
10.........]| -93 761 | .93 073 | .92 389 | .QI 707 
789 | 100 | 413 | 727 
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{1) Dr = Da + (t—25) + B(t— 


Taking for « and § the mean values of the 16 samples the 
general equation becomes D:=D,,—0.000 6847(t—25)+0.000 
ooo 12(t—25)*. If it is desired to reduce the expansion to a 
single term for use over a short temperature range, this may 
be done by differentiating the general equation and combining 
« and into a single term, « ',which will be different for differ- 
ent temperatures. 

Di= Das + (t—25) + (t—25)* 
(2) dD: 
dt 

Substituting for ¢t the values 10, 15, 20, 25, 30, 35, and 4o, 
gives for the rate of change of density at the different tempera- 
tures the following values: 


=e +23(t—25)=a! 


Temper- Change ag 
ature. degree C, 


"Cc. 

10 0.000 688 3 
15 .000 687 I 
20 .000 685 9 
25 .000 684 7 
30 -000 683 5 
35 -000 682 3 
40 .000 681 I 


The results obtained from the six samples of gum turpen- 
tine shown in Group I were used in the calculation of Table 
IV for determining the density of turpentine at various tem- 
peratures. 

If the general equation D:=D,; + « (t— 25) +3(t—25)* be dif- 
ferentiated and the mean values of « and # substituted in the 
first derivative the change of density per degree at different 
temperatures is seen to be as shown below. 

Dy = Dy, + (¢—25) +8 (¢—25)? 


+2 8 (t—25)=change of density per degree=« ! 
t ol 

10 -000 814 2 
15 8151 
20 8161 
25 8170 
30 8179 
35 8189 
40 819 8 


In calculating Table IV these values of «! were taken as the 
rate of change of density of turpentine having a density of 
0.8640 at 20° C. (this being the mean of the six samples from 
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which «<! was derived). For turpentine having a density at 
20° either greater or less than 0.8640 «! was calculated from 


mean D 2 and mean « ! of the three lightest samples and mean 


ee and mean «! of the three heaviest samples. 


TABLE Ill 


DENSITY OF LINSEED OIL AT ANY TEMPERATURE BETWEEN 10° AND 40° C. FROM 
Its DENSITY AT 20° C. 


Density at 20° C. (in grams per milliliter). 


| 0.9260 | 0.9270 | 0.9280 0.9290 0.9300 | 0.9310 | 0.9320 
{ 


Required 
tempera- Density at required temperature. 


| 


0.9329 . 0.9369 | 0.9379 
-9322 ‘ 99362 .9372 
9315 9355 9365 
-9308 ‘ d F -9348 
.9301 ‘ 9351 


.9260 .9300 .9310 
-9253 -9293 -9303 
-9246 d .9286 .9296 
-9239 = d -9279 -9289 
.9233 ‘ = -9273 


-9226 | é -9266 -9276 
9212 | . -9252 -9262 
-9205 d -9245 9255 
9198 | . d -9238 +9248 


-9192 ‘ -9232 -9242 
9185 | ‘ | .9235 
-9178 i | .9218 19228 
| ‘ ‘ | | .g221 
-9164 d | | | .Q214 


-Q157 | .9197 | .9207 
+9150 ‘ : ‘ ‘9190 .g200 
-9144 J ‘ .QI94 
-9137 ‘ | .9177 | .9187 
-9130 | .9170 | .g180 


: 

°c. | | | 
0.9389 
II -9382 
13 .9368 . 

9354 
16 
17 ; 
9334 
9327 
ed .9320 
.9313 
22 
23 9299 
9293 
25 -9286 : 
9279 
27 .9272 
28 69265 
29 9258 
30 9252 
3! | .9245 
32 
33 .9231 if 
34 
35 -9217 
36 .9210 
37 -9204 
38 9197 3 
39 sQIgo 
| 
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High Grade Instruments 
for Electrical Testing 


a Direct Current Ammeters, Alternating Current Voltmeters 
Voltmeters, Mil-ammeters Ammeters, Single Phase 
and Milli-voltmeters. and Polyphase Wattmeters. 


Type P-3 Instruments for Alternating Current 


Light weight instruments which maintain a high degree of 
accuracy under all conditions of service. 

Not affected by stray fields, or by variations in wave form or 
frequency. Voltmeters and wattmeters can be used on direct 
current. 

Needle fluctuations are effectively damped. 

Each instrument accompanied by an accuracy curve showing 
calibration. 


Type DP Instruments for Direct Current 


D’Arsonval type, legible uniform scales. 

Protected from stray fields, indications perfectly dead beat. 

Magnets are made of best quality steel, and are carefully aged 
and hardened. Certificate of accuracy furnished with each in- 
strument. 


General Electric Company 


Largest Electrical Manufacturer in the World 


Principal Office Schenectady, New York 
3249 
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NEW SCIENTIFIC BOOKS 


Printed from New Plates—NEW FOURTH EDITION 


The Metallurgy of Steel 


New drawings and plans and much new material has been a making this a most exhaust- 
ive and comprehensive work. Owing to the addition of new matter it was 
necessary to issue in two volumes. 


With 51 folding plates, compri 112 figures, over 500 illustrations in the text, and nearly 
80 photo-micrographs of steel sections. New Fourth Edition. Large 8vo. 
Cloth. Two volumes, $12.00 net. 


As Interesting as Fiction An Introduction to 
- CONQUESTS OF SCIENCE SERIES British Clays, Shales and Sands 


By By ALFRED B. SEARLE 
The Railway Conquest of the , , 
The present volume states briefly the most 


World 
A fascinating and instructive account of 
railway building all over the world since the | gether with some information as to the 
earliest days of railroading. About 100 il- localities where they are accessible in 
memteations, from photographs. Numerous commercially valuable quantities, and some 
maps and diagrams. indications as to their sources. As far as 
12me. Cloth, $1.50 net. possible all beds of present or prospective 
commercial value have been indicated. 


Moving Pictures With 10 p ates and 53 figures in the text. 

How They Are Made and Worked 12mo. Cloth, $2.50 net. 
A ra work on this populer subject 
with 70 illustrations and many diagrams 


imo. Cloth, $1.50 pet. The Clayworker’s Hand Book 


A Compendium of Aviation Second Edition, Revised 
and Aerostation A Manual for All Engaged in the Manu- 


BALLOONS, DIRIGIBLES and FLYING MACHINES Artistes of 
By LIEUT. COL. H. HOERNES By ALPRED B. SEARLE 


A considerable amount of information 

rofessional aviator. It is written in a popu- relating to clay-working has accumulated 
the scientific development of aviation, ex- a8 this i ~ € 
plaining the whys and wherefores of differ- | Within the scopeo work, such Informa- 
ent kinds of Flying Machines. It is alsoa tion has been inserted in this second edition 
complete history of the art of flying from the — 
earliest day of ballooning to the present day tly rearrang ~y ; 


of aeroplanes. 
54 illustrations. 16mo. Cloth. $1.00 net. Mustrated. i2me. Cloth. $2.00 net. 


The Calorific Power of Gas j 
A Treatise on Calorific Standards and Elementary Gr aphic Statics 


Calorimetry By W. J. CRAWFORD, D.Sc. 


By J. H. COSTE, F.LC., P.C.S. The object of this little work is to gives 
boo’ e object o 

wis book is intended principally for those grounding in the principles under 
advise on matters of testing, whether as | lying Graphic Statics. Log — is meng 
official gas examiners, works-chemists or en- to all engag a 
ineers, or as consultants, and only in a Building Construction, and alli orofes- 
Cada degree for those whose public sions, for not only does it offer solutions to 
duties or private needs may render desirable Ap 

some general and historical knowledge of ene of wat a Ang large . 


the subject. 
Dlustrated. 12me. Cloth. $2.00 net. IMustrated. 12mo. Cloth. $1.00 net. 


J. B. LIPPINCOTT COMPANY, 


Your courtesy In mentioning the JounnaL will be appreciated 


aif 
x 
By F. W. HARBORD AND J. W. HALL be 
4 
e 3 
ci 
Vv 
ci 
x ‘ 

i ¥ 
xi 
vi 
x 
vi 
xi 
ci 
y 

4 
ii 

q 

ii ‘ j 
ix 
ge 
e, 
ili 
cx 
iii 
xi 

xi } 
xx 
iv 
iii 


JournaL or THe FRANKLIN INSTITUTE—ADVERTISEMENTS. 


THE MOORE. & WHITECO. 


PHILADELPHIA, PA., U.S.A. 
Paper-making Machinery 
Builders of | Friction Clutch Pulleys 
Cut-off Couplings, etc. 


COCHRANE 


Feed Water Heaters & Purifiers, Steam and 
Oil Separators. 


HARRISON SAFETY BOILER WORKS 
3142 St Philadelphie, Pa. 


RICHARD G, WOOD, President 
J. R. JONES, Vice-Pres, and Treas. W. W. LUKENS, Secretary and Asst. Treas. 


Business Established 1826 


Alan Wood Iron and Steel 
Company 


Manufacturers of 
BASIC OPEN HEARTH STEEL BILLETS, BLOOMS, SLABS, 
SHEET BARS, UNIVERSAL MILL PLATES, AND BLACK AND 
GALVANIZED IRON AND STEEL SHEETS AND PLATES 


SPECIALTIES 
Locomotive Jacket, Blue Annealed Bath Boiler, Swede and Norway Sheets, 
Gas Holder, Corrugated Best Bloom, A. W. clean, M. F. Cold Rolled Sheets, 
Pickled and Cold Rolled Sheets, Electrical Iron and Steel, Best Last, Water 
Pipe and Light Plates. 
“A. W. Diamond" and “A. W. Ribbed "’ Pattern Rolled Steel Floor Plates 
Sizes Furnished on Application 


lat street Philadelphia 
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WILLIAM SELLERS & CO. 


INCORPORATED 
PHILADELPHIA, PA. 


Modern Machine Tools 


TOOL-GRINDING MACHINES 
DRILL ‘GRINDING MACHINES 


High-Speed Traveling Cranes, 


Swing Cranes, &c. 


BORING AND TURNING MILLS 
DRILLING AND BORING MACHINES 


Improved Injectors for Boilers 


| SHAFTS, HANGERS, COUPLINGS, PULLEYS, 
ETC. = : FOR TRANSMITTING POWER 
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Elevating 


““ Conveying Machinery 


High-Speed S 
Power-Transmitting 


Chains 


THE LEEDS & NORTHRUP CO. 


ELECTRICAL MEASURING INSTRUMENTS 


Apparatus for the measurement of resistance, capacity and inductance. Temperature measuring 
devices. Cable testing apparatus. Electrical measurements laboratories equipped. 


4901 STENTON AVENUE 


PHILADELPHIA 


ORIGINAL a 


= ORGING. AND FIN 


© SOLE MaKEAs IN THE 
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THOMAS A. BIDDLE & CO. 


STOCK-BROKERS 
INVESTMENT SECURITIES 
326 WALNUT STREET 
210 REAL ESTATE TRUST BUILDING 


PRIVATE WIRE TO NEW YORK 


Medicinal cc H E M | CA LS Technical 


POWERS-WEIGHTMAN-ROSENGARTEN CO. 


FOUNDED 1818 


NEW YORK PHILADELPHIA ST. LOUIS 


JOSEPH S. KEEN, Jr., Pres’t & Gen’l Manager. H. BAYARD HODGE, Sec’y & Treas. 
GEORGE M. BUNTING, Vice-Pres't & Treas. W.H. ROTH, Ass't Sec'y 


American Pipe 
and Construction Company 


Engineers and Contractors 
112 North Broad Street 


J. W. LEDOUX, M. Am. Soc. PHILADELPHIA 


JAMES H. DAWES, 
Gen‘! Supt. Construction Dept. 


HAROLD PEROT KEEN, 
Gen'l Supt. Operating Dept. 
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Storage Batteries for Any Service 
The “Chloride Accumulator” and “Tudor Accumulator” 


For central stations, electric railways, signal and interlocking sys- 
tems, telephone and telegraph, car lighting and isolated light and 
power plants. 


The ** Exide’’, ** HycapsExide’’ and froncladsExide ’’ 


For electric vehicle propulsion, gas and gasoline engine ignition, 
electric lighting of automobiles and motor boats. 


THE ELECTRIC STORAGE BATTERY CO. 


BOSTON, NEW YORK 1888 PHILA DELPHIA, PA. 1912 TORONTO, SAN FRANCISCO 
CHICAGO, ST. LOUIS, CLEVELAND, DENVER, DETROIT, LOS ANGELES, SEATTLE, PORTLAND, ORE, 


1 209 North Eleventh St. 

LIBRARY BOO BOOK BINDER 


DIRT AND FINGER-MARKS SUCCESSFULLY 
REMOVED FROM THE PAGES OF BOOKS, 
TORN LEAVES CORNERS 
REPLACED = = 


The McDaniel Improved Steam Trap 


DISCHARGES CONTINUOUSLY AND NEVER BLOWS STEAM 
WATER GAUGES ARE USED TO SHOW THE WORKING OF THE TRAP 


Made Extra Heavy for High Pressure 


We also manufacture Reducing Valves, Exhaust Pipe Heads, Separators for Live 
and Exhaust Steam, Blow Off Valves, Relief Valves, Ejectors, Pump Governors, 
etc. SEND FOR CATALOGUE, 


WATSON & McDANIEL Pa: 


“The F Institute Association 
‘| Organized by graduates of the School of Mechanic Arts of The Franklin Institute, 
desires the addresses of all graduates and former students. 
‘| The School was established in 1824, graduating each year a number of students, who 
have taken an important part in the industrial activities of the country. The records on 
file are incomplete, in that they do not contain the present addresses of many former 
students, 
{ Former graduates or those who may have any information relating to them are 
requested to communicate with the Secretary of the Association, Mr. Charles E. 
Hubsch, The Franklin Institute, Philadelphia. 
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1840 Standard of Excellence 1912 
HENRY TROEMNER’S 
Assay and Analytical 
BALANCES and WEIGHTS 


For All Scientific Uses 


Used by the Government of United 
States, Canada, Mexico, and China 


Price-list on Application 


HENRY TROEMNER 


No. 911 Arch St., Philadelphia, viens U. S. A. 


MACHINES 


We are always 


prepared to make tests of all kinds 


TINIUS OLSEN & CO. 


"500 North Twelfth Street, Philadelphia, Pa. 


OILING DEVICES 


J. E. LONERGAN CO. 


Manufacturers of 


POP SAFETY VALVES and 
STEAM BOILER APPLIANCES IN GENERAL 


211-213-215 Race Street, Philadelphia, Pa. 


WHISTLES 


CASTINGS 


scription for 

Machinery, Dredging, Rolling, and 
t Mill Machinery, Locomotive, Railroad, 
Bridge Work, etc. 


McHAFFIE Steel Castings of al 


1 lb. up. Superior for 

Crank-shafts, Gearing, and other purnoses where 

great wearing results are required. 
Correspondence Solicited 


CHESTER STEEL CASTINGS CO. 


Works, Chester, Pa. 


Office, 407 Sansom St., Phila., Pa. 
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WESTON INSTRUMENTS 


A Full Line of Alternating Current Switch- 
board Indicating Instruments 


Is offered by this company, comprising 


WATTMETERS, Single and Polyphase 
POWER FACTOR METERS 
FREQUENCY METERS 
SYNCHROSCOPES 
VOLTMETERS 
AMMETERS 
(And New Models of Weston D. C. Instruments to Match) 


This whole group of instruments embodies the results of several years’ ex- 
haustive study and scientific investigation of all the complex electrical and 
mechanical problems involved in the development of duradle, reliable, sensitive 
and accura/e instruments for use on alternating current circuits. 

Every detail of each of these instruments has been most carefully studied 
and worked out so as to be sure that each shall fully meet the most exacting 
requirements of the service for which it is intended. Neither pains nor ex- 
pense has been spared in the effort to produce instruments having the /ongest 
possible life, the best possible scale characteristics, combined with great 
accuracy under the most violent load fluctuations and also under the many 
other trying conditions met with in practical work. Every part of each instru- 
ment is made strictly to gauge, and the design and workmanship and finish 
are of the highest order of excellence. 

We invite the most critical examination of every detail of each member of 
the group. We also solicit the fullest investigation of the many other novel 
features and very valuable operative characteristics of these new instruments 
and request a careful comparison in all these respects with any other makes of 
instruments intended for like service. We offer them as a valuable and per- 
manent contribution to the art of electrical measurement. Their performance 
in service will be found to justify the claim that no other makes of instruments 
approach them in fitness for the service required from A. C. Switchboard 
indicating instruments. 


Full particulars of design, construction, prices, etc., 
are given in Catalogue /. F. 16. vite for it. 


WESTON ELECTRICAL INSTRUMENT CO. 


Main Office and Works, Newark, N. J. 


New York, 114 Liberty St. 
Chicago, 1504 Monadnock Block 
Boston, 176 Federal St. 
Philadelphia, 342 Mint Arcade 
Birmingham, Brown Marx Bldg. 
St. Louis, 915 Olive St. 

Denver, 231 15th Street 

San Francisco, 682 Mission St. 


New Haven, 29 College St. 

Cleveland, 1522 Ave. 

Detroit, 44 Buhl Bloc 

Toronto, 76 Bay St. 

Mexico, 2 a Capuchinas 40 

London, Audrey House, Ely Place, Holborn 
Paris, 12 Rue St. Georges 

Berlin, Genest Str. 5 Schoenberg 


Montreal, Winnipeg, Calgary, Vancouver—The Northern Electric & Manufacturing Co. 
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The Franklin Institute 


15 SOUTH SEVENTH STREET 


OFFICERS FOR 1912 


James M. DopGE 
VICE-PRESIDENTS. .... . . . HENRY HOWSON 
OOLEMAN SELLERS, JR. 


STANDING COMMITTEES OF THE INSTITUTE 


ScIENCE AND THE ARTS . WILFRED LEwIs 


STANDING COMMITTEES OF THE BOARD 


INSTRUCTION ... . . Chairman, LAWRENCE T. PAUL 
” W. C. L. EGLiIn 
STOCKS AND FINANCE. . . . WALTON FORSTALL 
BNDOWMENT HENRY Howson 
| ] 
MEETINGS 


COMMITTEE ON SCIENCE AND THE ARTS, First Wednesday of eacn month. 8 P.M. 
(except July and August). 

BoARD OF MANAGERS, Second Wednesday of each month, 3.30 P.M. 

INSTITUTE, Third Wednesday of each month (except July and August), 8 p.m. 

SECTION MEETINGS. Thursday Evenings except week of Stated Meeting, 8 p.m. 
October 1 to April 30. 
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MEMBERSHIP. 


Terms and Privileges. 


The members of the Institute are divided into the following classes, 
viz.: Resident Members, Stockholders, Life Members, Permanent Members, 
Non-resident and Associate Members. 

Any one interested in the purposes and objects of The Institute and 
expressing a willingness to further the samc may become a member when 
proposed by a member in good standing and elected by the Board of 
Managers. 

Terms.—Resident members pay Fifteen Dollars each year. The pay- 
ment of Two Hundred Dollars in any one year secures Life Membership, 
with exemption from annual dues. 

Stock.—Second-class stockholders pay an annual tax of Twelve Dollars 
per share, and the holder of one share is entitled by such payment to 
the privileges of membership. 

Privileges.—Each contributing member (including non-residents) and 
adult holder of second-class stock is entitled to participate in the meetings 
of The Institute, to use the Library and Reading Room, to vote at the 
Annual Election for officers, to receive tickets to the lectures for himself 
and friend, to attend the Section meetings and to receive one copy of the 
JourNaAL free of charge, except associate members who may not take part 
in elections. 

Permanent Members.—The Board of Managers may grant to any one 
who shall‘ in any one year contribute to The Institute the sum of One 
Thousand Dollars a permanent membership, transferable by will or other- 
wise. 

Non-resident Members.—Newly elected members residing permanently 
at a distance of twenty-five miles or more from Philadelphia may be 
enrolled as Non-resident Members, and are required to pay an entrance 
fee of Five Dollars, and Five Dollars annually. Non-resident Life Member- 
ship, $75.00. 

Contributing members, if eligible, under the non-resident clause, on 
making request therefor, may be transferred to the non-resident class by 
vote of the Board of Managers, and are required to pay Five Dollars 


annually. 
Associate Members.—Associate members are accorded all the privileges 


of The Institute, except the right to vote or hold office, upon the payment 
of annual dues of Five Dollars. This class of membership is limited to 
persons* between the ages of seventeen and twenty-five years. Upon reach- 
ing the age limit they become eligible to the other classes of membership. 

Resignations must be made in writing, and dues must be paid to the 
date of resignation. 

For further information and membership application blanks address the 
SECRETARY Of THE INSTITUTE. 
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E FRANKLIN INSTITUTE AWARDS 


The Institute, through its Committee on Science and the Arts, makes 
the following awards : 


THE ELLIOTT CRESSON MEDAL 

THE HOWARD N. POTTS MEDAL 

THE EDWARD LONGSTRETH MEDAL OF MERIT 
THE CERTIFICATE OF MERIT 


These awards are made as follows : 


e Elliott Cresson Medal 

(Gold Medal and Diploma).—This Medal and Diploma shall be awarded 
for discovery or original investigation, adding to the sum of human 
knowledge irrespective of commercial value ; leading and practical utili- 
zations of discovery; and invention, methods or products embodyin 

substantial elements of leadership in their respective classes, or unusua 
skill or perfection in workmanship. 


The Howard N. Potts Medal 


(Gold Medal).—This Medal shall be awarded for distinguished work in 
science or the arts ; important development of previous basic discoveries ; 
inventions or products utilizing important principles or of superior ex- 
cellence; and for papers of especial merit that have been presented to 
The Institute and published in its Journal. 


The Edward Longstreth Medal of Merit 


(Silver Medal and Diploma).—This Medal and Diploma, with a money 
premium when the accumulated interest of the Fund permits, shall be 
awarded for meritorious work in science or the arts; including papers 
relating to such subjects originally read before The Institute, and papers 
presented to The Institute and published in its Journal. Inthe event of 
an accumulation of the fund for medals beyond the sum of one hundred 
dollars, it shall be competent for the Committee on Science and the Arts 
to offer from such surplus a money premium for some special work on 
any mechanical or scientific subject that the Committee may consider of 
sufficient importance, or for meritorious papers presented to The Institute 
and published in its Journal. 


The Certificate of Merit 


A certificate of merit shall be awarded to the persons adjudged worthy 
thereof for their inventions, discoveries or productions :— 


In addition to the above 


The John Scott Legacy Medal and Premium 


Is awarded by the Board of City Trusts of the City of Philadelphia. 
(For conditions see separate page. ) 


The Boyden Premium 


Is to be awarded by The Franklin Institute, under conditions detajled on 
separate page. ; 


Further information on the above awards may be obtained by addressing 
the Secretary of The Institute. 
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THE FRANKLIN INSTITUTE AWARDS 


THE 
ELLIOTT CRESSON 
MEDAL 


THE FRANKLIN INSTITUTE awards the ELLIOTT 
CRESSON GOLD MEDAL under the provisions of the 
Deed of Trust from ELLIOTT CRESSON of the City of 
Philadelphia, dated the Eighteenth day of February, 1848, 
on the recommendation of its Committee on Science 
and the Arts. 

“This Medal and Diploma shall be awarded for dis- 
covery or original investigation, adding to the sum of 
human knowledge irrespective of commercial value; 
leading and practical utilization of discovery; and inven- 
tion, methods or products embodying substantial ele- 
ments of leadership in their respective classes, or unusual 
skill or perfection in workmanship.” 


For further information address the Secretary of THE 
INSTITUTE. 
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INSTITUTE AWARDS 


THE JOHN SCOTT LEGACY 
MEDAL AND PREMIUM 


HE City of Philadelphia holds in trust under the 
Si legacy of John Scott, of Edinburgh, a sum of money, 
the interest of which is to be used for the encourage- 

ment of ‘‘ingenious men and women who make useful in- 
ventions.’’ The legacy provides for the distribution of 
‘a Medal, inscribed ‘‘ To the Most Deserving,’’ and Money 
Premium in the sum of $20 to such persons whose inventions 
shall merit the same. The examination of the inventions 
submitted for the Medal and Premium has been delegated 
by the Board of City Trusts, of the City of Philadelphia, to 
THE FRANKLIN INSTITUTE, and THE INSTITUTE, under the 
competent assistance of its Committee on Science and the 
Arts, undertakes to make the investigations free of charge 
and to recommend for the award all meritorious inventions. 
Applications should be addressed to the Secretary of 
THE FRANKLIN INSTITUTE, from whom all information rela- 
Pursuant to the regulations for the mend a dee: john 
Scott Legacy Medal and Premium, THE FRANKLIN INSTI- 
TUTE, of the State of Pennsylvania, has under consideration 
favorable reports upon the applications advertised in this 
issue. Any objection to the proposed awards, based on 
evidence of lack of originality or merit of the invention, 
shall be communicated to the Secretary of THE INSTITUTE 
within three months of the date of notice. Bee 
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THE FRANKLIN INSTITUTE AWARDS 


THE BOYDEN PREMIUM 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited 
with THE FRANKLIN INSTITUTE the sum of one thousand dollars, 
to be awarded as a premium to 


“Any resident of North America who shell determine by expeti- 
ment whether all rays of light,* and other physical rays, are or 
are not transmitted with the same velocity.” = = 


The following conditions have been established for the award of this Premium : 


1. Anyresident of North America, or of the West India Islands, may be a competitor for the 
Premium; the southern boundary of Mexico being considered as the southern limit of North 
America. 

2. Each competitor must transmit to the Secretary of THe FRANKLIN INSTITUTE a memoir 
describing in detail the apparatus, the mode of experimenting and the results; and all memoirs 
received by him after the first day of January, one thousand nine hundred and twelve, will, as 
soon as possible after this date, be transmitted to the Committee of Judges. 


3. The Board of Managers of Tue FranKuNn InstityTe shall, before the first day ot 
January, ene thousand nine hundred and thirteen, select three citizens of the United States of 
competent scientific ability, to whom the memoir shall be referred; and the said Judges shall 
examine the memoirs and report to THe Frankwiin Institute whether, in their opinion, any, 
and, if so, which of the memoirs is worthy of the Premium. And, ontheir report, THe FRANKLIN 
InstiTuTE shall decide whether the Premium shall be awarded as recommended by the Judges. 


4. Every memoir shall be anonymous, but shall contain some motto or sign by which it caa 
be recognized and designated, and shall be accompanied by a sealed envelope, endorsed on the out- 
side with some motto or sign, and containing the name and address of the author of the memoir. 
It shall be the duty of the Secretary of Tue FRANKLIN INstITUTE to keep these envelopes se- 
curely and unopened until the Judges shall have finished their examination; when, should the 
Judges be of opinion that any one of the memoirs is worthy of the Premium the corresponding 
envelope shall be opened, and the name of the author communicated to Tue InstiruTgs. The 
sealed envelopes accompanying unsuccessful memoirs will be destroyed unopened, in the presence 
of the Board of Managers. 

5. Should the Judges think proper, they may require the experiments described in any of the 
memoirs to be repeated in their presence. 

6. The memoirs presented for the Premium shall become the property of THE FRANKLIN 
INSTITUTE, and shall be published as it may direct. 


The problem has been more specifically defined by the Board ot Managers, as follows :— 
“Whether or not all rays in the spectrum known at the time the offer was made, namely, 
March 23, 1859, and comprised between the lowest frequency known thermal! raysin the infra-red, 
and the highest frequency known rays in the ultra-violet, which in the opinion of the Committee 
lie between the approximate frequencies of 2 x 10144 double vibrations per second in the infra-red 
and 8 x rol4 in the ultra-violet, travel through free space with the same velocity,” 


*An award, made during the year 1907, covered the solution of the problem so 

far as the transmission of the visible and ultra-violet rays is concerned. It has 
been directed by the Board of Managers that the balance of the fund be retained, 
to be awarded to such person as shall demonstrate whether or not the infra-red 
rays are or are not transmitted with the same velocity as the other rays. 
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THE FRANKLIN INSTITUTE AWARDS 


Notice is hereby given that the Committee on 
Science and the Arts of THE FRANKLIN INSTITUTE 
has recommended the award of 


The Elliott Cresson Medal 
TO 


The Gray National 


Telautograph Company 
of NEW YORK, N, Y., for their 


Telautograph 


Any objection to the above award based on 
evidence of lack of merit should be communicated 
within three months of the date of this notice to 
the Secretary of THE FRANKLIN’ INSTITUTE, 
Philadelphia. 


R. B. OWENS, 
Secretary. 


HALL OF THE INSTITUTE 
April, 1912. 
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THE FRANKLIN INSTITUTE AWARDS 


Notice is hereby given that the Committee on 
Science and the Arts of THE FRANKLIN INSTITUTE 


has recommended the award of 


The Elliott Cresson Medal 
TO 
Walter V. Turner 
of WILMERDING, PA., for his 


Improvements in 
Air Brake Equipment 


Any objection to the above award based on 
evidence of lack of merit should be communicated 
within three months of the date of this notice to 
the Secretary of THE FRANKLIN INSTITUTE, 


Philadelphia. 


R. B. OWENS, 
Secretary. 


HALL OF THE INSTITUTE 
June, 1912. 
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THE FRANKLIN INSTITUTE AWARDS 


JOURNAL CONTRIBUTIONS 


By aresolution of the Committee on Science and 
the Arts, all papers hereafter published in the Journal 
of The Franklin Institute will be subject to the award 
of one of the following Meda!s— 


The Howard N. Potts 
Gold Medal 


The Edward Longstreth 
Silver Medal 


The merits of the several papers appearing in 
the Journal during any current year will be passed 
upon by a Special Committee appointed for the 


purpose. 
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THE FRANKLIN INSTITUTE AWARDS 


Notice is hereby given that the Committee on 
Science and the Arts of THE FRANKLIN INSTITUTE 
has recommended the award of 


The Edward Longstreth Medal of Merit 
TO 
John Prue Karns 


of BOULDER, COLORADO, for his 


Tunneling Machine 


Any objection to the above award based on 
evidence of lack of merit should be communicated 
within three months of the date of this notice to 
the Secretary of THE FRANKLIN’ INSTITUTE, 


Philadelphia. 


R. B. OWENS, 


Secretary. 


HALL OF THE INSTITUTE 
May, 1912. 
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THE FRANKLIN INSTITUTE AWARDS 


Notice is hereby given that the Committee on 
Science and the Arts of THE FRANKLIN INSTITUTE 
has recommended the award of 


The Edward Longstreth Medal of Merit 
TO 


Julian H. Granbery 
of BROOKLYN, N, Y., for his 


Stadia Rod 


Any objection to the above award based on 
evidence of lack of merit should be communicated 
within three months of the date of this notice to 
the Secretary of THE FRANKLIN INSTITUTE, 


Philadelphia. 


R. B. OWENS, 
Secretary. 


HALL OF THE INSTITUTE 
June, 1912. 
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THE FRANKLIN INSTITUTE AWARDS 


Notice is hereby given that THE FRANKLIN 
INSTITUTE, through its Committee on Science and 
the Arts, will recommend the award of 


The John Scott Legacy Medal and Premium 
TO 


Louis W. Downes 
of PROVIDENCE, R. |., for his 
Process of and Machinery for 
Insulating Magnet-Wire 
with Asbestos 


Any objection to the above recommendation based 
on evidence of lack of merit should be communicated 
within three months of the date of this notice to 
the Secretary of THE FRANKLIN INSTITUTE, 


Philadelphia. 
R. B. OWENS, 


Secretary. 


HALL OF THE INSTITUTE 
June, 1912. 
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THE FRANKLIN INSTITUTE SCHOOL 
OF MECHANIC ARTS 


is maintained for the purpose of furnishing an opportunity to 
Mechanics, Apprentices, and Students in Industrial works of 
spending two or more evenings in the week in learning the theory 
. and principles of and best modern practice in the allied technics. 


In the Departments of the School the 
following Two-Year Courses are Given : 


Department of Drawing: Mechanical, Architectural or Freehand 
and Water Color. 


Department of Mathematics: Algebra, Geometry and Trigonometry. 


Department of Mechanics: Applied Mechanics and Strength of 
Materials, Mechanism and Machine 
Design with Structural Design and Steam 
Generation, or Electrical Machinery and 
Electric Distribution of Power. 


i School of Naval Architecture: Theoretical Naval Architecture and 
Ship Design and Construction. 


The school year commences in September and ends in April, 
and consist of two terms of fourteen weeks each. Graduates 
are eligible to membership in the Alumni, with its privileges. 


For more detailed information, apply to 


The Franklin Institute School of Mechanic Arts 
15 South Seventh Street 
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JourNAL oF THE FRANKLIN INSTITUTE. 


Library of The Franklin Institute 


A most complete scientific and technical collection 
110,000 titles 


Electricity, chemistry, geology, mining and metallurgy, mechanics 
and engineering, physics, etc. 

Bound files of the leading technical magazines of all countries. 

Complete sets of the publications of the principal scientific societies 
of the world. 

United States and foreign patent reports. 


a 


Translations The Library is prepared to undertake a _limited 
amount of work in connection with the verification 


References Verified ©! teferences, translations and copying from English, 
German, and French books and periodicals. A mod- 


Articles Copied erate charge will be made to cover expense. 


Inquiries relating to the Institute and applications for membership 
should be addressed to the 


SECRETARY OF THE INSTITUTE 


Journal of The Franklin Institute 


The Institute has for sale a limited number of copies of the 
earlier issues and is prepared to supply orders at the following 
rates : 


1824 to 1889, inclusive......... Prices on application 
1840 to 1859, inclusive. ........ $2.00 per number 
1860 to 1879, inclusive. ........ 1.50 per number 
1880 to 1899, inclusive......... 1.00 per number 
1900 to 1909, inclusive. ........ .75 per number 
1910and later ...... .50 per number 


Prices subject to change without notice 


INDICES 
TO THE SUBJECT-MATTER AND AUTHORS 


THE FRANKLIN JOURNAL 


AND THE 


JOURNAL OF THE FRANKLIN INSTITUTE 


January, 1826, to December, 1885, Price, $5.00. 
January, 1886, to December, 1895 


January, 1896, to December, wad Price, $1.50 each. 


Address THE ACTUARY OF THE FRANKLIN INSTITUTE 
15 South Seventh Street PHILADELPHIA, PA. 
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If it isn’t ELECTRIC 
It isn't MODERN 


Any Consulting Engineer who specifies 
the installation of a private plant before 
thoroughly investigating the economy of 
Philadelphia Electric Service is deliberately 
sacrificing his client’s interests. If you are 
designing any properties requiring Electric 
service, send for us NOW! 


THE PHILADELPHIA ELECTRIC COMPANY 
TENTH and CHESTNUT STREETS 


NOTICE 


Mr. W. E. Symons’ article on “The Application of Scientific 
Management to Railway Operation,” together with discussions of the 


same by the following gentlemen: 


George J. Burns 

F. H. Clark 

A. L. Conrad 

W. J. Cunningham 
James S. Eaton 
Harrington Emerson 


S. M. Vauclain 


which appeared in the January, February, March and April num- 
bers of THE JOURNAL OF THE FRANKLIN INSTITUTE, may be 
obtained in paper binding at seventy-five cents per copy. 
Address orders: The Actuary, 
The Franklin Institute, Philadelphia 


Frank B, Gilbreth 
Chas. B. Going 
G. R. Henderson 
B, B. Milner 
Angus Sinclair 
Walter V. Turner 


Your courtesy in mentioning the Journal will be appreciated 
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The Latest Aero Books and Plans 


MODEL AEROPLANING, THE THEORY AND PRACTICE OF. 

By V. E. Johnson, M.A. The object of this book is to give in plain lan- 

guage the general practice and principles of Model Aeroplaning. Model 

ropellers and Motors have been carefully dealt with, and much valuable 

data included from the author’s own experiments. This is without doubt 

the most up-to-date book on this subject. 163 pages. 82 illustrations. 
12mo. Cloth, postpaid, $1.60. 


HOW TO MAKE A 20-FT. GLIDING MACHINE THAT 
WILL CARRY A MAN. A practical hand-book on the construction, 
fitting up and working of a Glider, giving all the material necessary, 
scale drawings with measurements. By A. P. Morgan. 60 pages. 31 
illustrations. 12mo. Cloth, postpaid, 55c. 


THE AERO MANUAL, A MANUAL OF MECHANICALLY- 
PROPELLED HUMAN FLIGHT. Covering the history of early in- 
vestigators with recent successes, together with many constructive details 
and descriptions of well-known types of Airships, Dirigibles, Monoplanes, 
Gliders, etc. 2nd edition, revised. 116 pages. 184 illustrations. 12mo. 
Cloth, postpaid, 85c. ° 

MODEL FLYING MACHINES, THEIR DESIGN AND CON- 
STRUCTION. By W. G. Aston. Contents of chapters :—1. General 

rinciples and their application. 2. Power. 3. Supporting surfaces. 4. 

rews, and how to make them. 5. Tails and elevators. 6. Fins. 7. 
Designs. With a number of examples of monoplane, bi-plane, tandem 
bi-plane and tri-plane models. 8. Dirigibles. 9. Helicopters. 10. Or- 
nithopters. 11. Winding apparatus. 12. Compressed air motor. A 
first-rate book for Model Makers. 125 pages. 95 illustrations. 12mo. 
Boards, postpaid, for 55c. 

MODEL GLIDERS, BIRDS, BUTTERFLIES AND AERO- 
PLANES. How to Make and Fly Them. A booklet with one large 
sheet containing twelve butterflies and two birds in colors and material 
for making a small card-board Model Aeroplane Glider. Complete in 
folder, postpaid, for 55c. 

MODEL AEROPLANES, HOW TO BUILD AND FLY THEM. 
By E. W. Twining. Consisting of one booklet and five large scaled 
drawings for three Twining Models, two of them being of the Bi-plane 
Glider type. Complete in folder, postpaid, for 55c. 

THE AEROPLANE PORTFOLIO. By D. Ross Kennedy. Con- 
taining nine sheets of scale drawings of the following celebrated Aero- 

lanes: Bi-plane type—Wright, Farman, Voisin, Cody, Herring-Curtis. 

onoplanes—Rep. Antoinette, Santos Dumont, and Bleriot. Each of 
these machines is here shown in End View, Plan and Elevation. In- 
cluding booklet which contains a description of each machine. The com- 
plete set in folder, postpaid, for 55c. 

THE PERCY PIERCE FLYER. A large scale drawing of this 
prize-winning Monoplane. With all measurements and details showing 
a front elevation, a side elevation and a top elevation; with 7-page de- 
scriptive booklet of particulars, postpaid, 15c. 


SPON & CHAMBERLAIN York 


Your courtesy in mentioning the JouRNAL will be appreciated 
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of the J, B. Lippincott Company is 
prepared to gather Genealogical, 
Biographical, and Historical material, 
make all necessary research both in this 
country and abroad, and edit such works 
for the press—all under the supervision of 
thoroughly experienced genealogists. 
Authority established to use Coats of 
Arms, and accurate copies supplied, 
whether plain, in colors, engraved, or em- 


GENEALOGICAL DEPARTMENT 


4 Decorative work exectited and drawings 
of houses—colonial and modern. 

Photogravure and half-tone reproduc- 
tion ot portraits and paintings. 

Our books are carefully planned, and 

while in process of printing are under the 
observation of thoroughly competent 
editors and proof-readers, who have for 
years made an exclusive specialty of such 
publications. ‘The simplest and most in- 
expensive work is executed with as much 
| care as that which is more elaborate. 
An important consideration for the pro- 
spective author or editor is our expert 
knowledge of book-making, which is 
possible only to the professional publisher 
with wide facilities and long experience. 
Our house was established in 1792. 


Address 
GENEALOGICAL DEPARTMENT 


J. B. LIPPINCOTT COMPANY 
PHILADELPHIA, PA. 


Your courtesy in mentioning the Journal will be appreciated . 
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THE LATEST INCANDESCENT LAMP. 
By EVAN J. EDWARDS. Detroit Engineering Society. 


RAILROAD WRECKS. 
By D. F. JURGENSEN. Civil Engineers’ Society of St. Paul. 


A STUDY OF SAND FOR USE IN CEMENT, MORTAR AND CON- 
CRETE: WITH DISCUSSION. 


By E. S. LARNED. Boston Society of Civil Engineers. 


JOURNAL OF THE ASSOCIATION 
OF ENGINEERING SOCIETIES 


30 cents per copy April, 1912 $3.00 per annum 
31 Milk Street FRED. BROOKS, Secretary Boston, Mass. 


Your courtesy in mentioning the Journal will be appreciated 
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FIDELITY TRUST COMPANY 


Nos. 325-331 CHESTNUT ST. Nos. 43-53 SOUTH FOURTH ST. 
Capital, $2,000,000; Surplus Earned, $10,000,000 
Pays Interest on Deposits. Executes Trusts of Every Description. 


Safes for Rent in Burglar-proof Vaults. Securities and Valuables Taken for Safe Keeping. 


_ Wills Safely Kept Without Charge. 


FINE STATIONERY AND ENGRAVING HOUSE 
1121 CHESTNUT STREET, PHILADELPHIA 


Engraving of Striking Individuality 
_ for Professional and Commercial Purposes at Moderate Pricgs. 


500 LETTERHEADS 5 $1.00 00 
The United States Audit Co. Samples Mailed 


ESTABLISHED 1895 


831 to 835 Drexel Bldg., Phila. Out of Town Business a Specialty 


The oldest and largest Audit Com- 
pany in Pennsylvania. En: ents 


in all branches of ‘accounting and as Rival Printing Gompany 
114 S. Sixth Street, Phila. 


W. JENNINGS 


INSURANCE IN ALL ITS BRANCHES 


j h raph 
114 South 6th St., Ledger Building, Phila. Business Photography 


HASSELBERG BROS. | 1305 ARCH ST. PHILA. 
1004 Moravian Street 


roth and Walnut 


Special Photographs for half tone cuts. 


PHILADELPHIA 
Established 1860 ENVELOPES. 1904 
PLAIN OR PRINTED MANUFACTURER TO CONSUMER 


Write for samples and prices or representative ‘o call 


E. J. SPANGLER COMPANY 


1237 to 1243 N. Howard Street PHONES BELL—Kensington, 2247 
__ PHILADELPHIA, PA. KEYSTONE— Park, 496 


A. P. WITTEMAN COMPANY > 
MANUFACTURERS 
STEEL FORGINGS, CRANK SHAFTS, DIE BLOCKS, BARS 
112-116 N. BROAD STREET, PHILADELPHIA 
(WORKS, CHESTER, PA.) 


Your courtesy in mentioning the JouRNAL will be appreciated 
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“NICE” 
PAINTS, VARNISHES, FILLERS 


For Every Purpose 


EUGENE E. NICE, Mfr. 
272-274 South Second Street Philadelphia 
SAMUEL P.SADTLER&SON PATENTS. 


C hing Chemical Exper mets signs. Trade- 
Ana) d de i ll b mar! egist atent Causes, aminations, 
alyses and reports made in a ranches of Callor conti fer alt 


industria] and ms ied chemistry. Expert assist- 

ance in the development of chemical processes WIEDERSHEIM & FAIRBANKS 

and patents, and preparation of testimony in 

chemical patent suits. Raw materials and waste ohn 
od f fi esses m. er Wiederseim 232 Chestnu 

and pecially | ‘Hayward Fakbenks Philadelphia 


N. E. Cor. 10th & Chestnut Sts., Phila. EVERYTHING IN THE 


Fourth Floor 
Draughting and 
Engineering Line 
Drawing and Blue Print Papers 
F. WEBER & CO. 
1125 Chestnut Street 


BEVEL GEARS 
Spur, Bevel, Worm, Spiral 
Gear Cutting, and Gear 

Cutting Mac Machines 


Or" BILORAM MACHINE 
/ I; \ Works 


HAMLIN & MORRISON 
ANALYTICAL CHEMISTS 


FORREST BUILDING 
PHILADELPHIA 


Riehlé Bros. Testing Machine Co. 
Engineers, Founders, Machinists 
1424 N. 9th St., Philadelphia, Pa. 
Telephone Connection, Cable, Riehle. ’ 
Correspendence Solicited from Parties deoirina 
the Latest Improved United States Standard | 


Testing Machinery and Appliances of all varieties 
and capacities. 


OUR THRUST BALL BEARINGS 


Save 50% of your Cost 


Charles W. Messner 


3704 N. Broad Street Philadelphia 
Electrical Contractor 


Both Phones 


Philadelphia Book Co. 


ENGINEERING AND 
TECHNICAL BOOKS 


Eliminate 75% of the Friction 
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Send or Catalogue X. aoc for %-inch saniple. 
17 SOUTH NINTH STREET PRESSED STEEL MFG. CO.) 
Bell Telephone - - - - - Walnut 1002 Land Title Building Phila., Pa., U.S.A. 


Your courtesy in mentioning the JouRNAL will be appreciated 
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The Hammond Typewriter 


No. 12 Model 
Is in a Class All by Itself 
Uniform Visible 
Impression Writing 
Two-color 
Interchangeable Ribbon 
Type 
ANY 
Perfect LANGUAGE 
Alignment Best Machine 
for Cards 
Any Width 
Paper Back Spacer 


@ It makes no difference how hard or light» you strike a key, the impression is always the 
same. 
@ Ina fraction of a minute you can change from one style of type to another. 
@ Any language on the one machine, by simply changing the type shuttle. 
Striking two or more keys at the same time does not affect the alignment. 
The carriage ends are open, permitting the use of any width paper. 
Write for Particulars 


The Hammond Typewriter Co. 


537 East 69th Street New York, N. Y. 
Philadelphia Branch, 33 and 35 S. 10th St. 


CYRUS BORGNER COMPANY, To 


Your courtesy in mentioning the JouRNAL wil! be appreciated 
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The 
United Gas Improvement 
Company 


Broad and Arch Streets Philadelphia 


LESSEES, OPERATORS, AND BUILDERS 


GAS WORKS 


Largest Builders in the World of 
Carburetted Water-Gas Plants 


Sole American Builders cf the 


STANDARD DOUBLE SUPERHEATER 
LOWE WATER-GAS APPARATUS 


° 


Total sets installed to Dec. 31st, I911 . . 798 
Total daily capacity to Dec. 31st, 1911 . . 657,690,000 cu. feet 


Tar Extractors for Carburetted Straight Stand Pipe Cleaners 
Water Gas Straight Stand Pipe System for 
Photometrical Apparatus Coal Gas Retorts 
Gas Analysis Apparatus Waste Heat Boiler 
Recording Gauges Hygrometer 


Meters for regulating air and pone supply to water-gas apparatus 


Your courtesy in mentioning the JOURNAL will be appreciated 
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J. B. LIPPINCOTT COMPANY 


WASHINGTON SQUARE PRESS 


have exceptional facilities for illustrating, printing, and binding 
medical and scientific works, school and college catalogues, and 
hospital, asylum, and institutional reports. 

The proof-reading department is especially well qualified to cor- 
rect, revise, and prepare for press scientific publications of every 
description. 


A specialty is made of the printing of fine editions of memoirs | 
and monographs for private distribution and of biographical, his- | 
torical, and genealogical works. 

Also binding in every variety from the plainest cloth to the finest | 
Levant morocco, either of single volumes or of complete libraries. 

_ Manuscripts, models, drawings, and photographs sent for estimate 

_ or publication are kept in fire-proof vaults. 

_ Correspondence concerning the manufacturing of every descrip- 
tion of book or pamphlet work solicited and given prompt attention. 


J. B. LIPPINCOTT COMPANY 


PRINTERS an? PUBLISHERS 
WASHINGTON SQUARE =: = PHILADELPHIA | 


Your courtesy in mentioning the JouRNAL will be appreciated 
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PATENTED 


THE AMERICAN 


The first all steel pulley made. 


“AMERICAN” PULLEYS 


have never been equalled in their merito- 
rious points—design, strength, truth, effi- 
ciency—that’s why they have the largest | 
sale. They are carried in stock by leading 
Dealers everywhere and their wide sale 
throughout the world is due to one thing 
—SUPERIORITY. Every Pulley Guaran- 
teed. Write now for illustrated catalog. 


THE AMERICAN PULLEY COMPANY 


OFFICE AND WORKS: PHILADELPHIA, PA. 
Warehouses: 
New York, 203 Lafayette St. Boston, 165 Pearl St. Chicago, 124 S. Clinton St. ; 


ighest Award. ESTABLISHED +869. Highest A ward. 


AMERICAN STANDARD 


FILE 


PAILADELPAIA, PA. 


THWING PYROMETERS 


For ACCURATE TEMPERA TURE DETERMINATIONS 
INDICATING and RECORDING 


Thermoelectric for all 
- Radiation possible 
Electrical Resistance } 


MULTIPLE RECORD RECORDERS 
for use with any of the three types. 


Humidographs and Thermographs 


Write for descriptive literature. 


THWING INSTRUMENT COMPANY 


449 North Fifth Street Philadelphia, Pa. 


BLACK DIAMOND FILE WORKS 
> ~ Special Prize 
Gold Medal 


Awarded 
at International at Adlanta, Ga. 
Expositions 1895 


G. & H. BARNETT COMPANY Philadelphia, Pa. 


Owned and Operated by NICHOLSON FILE co 


See our exhibit in the Boutse, Fifth near Market Saree, Phil 


Copy of Catalogue will be sent free to any imerested file-user upon application 
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